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(54) Back pressure control for an injection moulding machine 



(57) In a back pressure control apparatus for con- 
trolling back pressure in an injection molding machine 
comprising an injection device which comprises a heat- 
ing cylinder, a screw, and an injection actuator (1 1) and 
which is provided with a back pressure detector (18) for 
producing a pressure detected signal and with a screw 
position detector (27) for producing a screw position 
detected signal, the back pressure control apparatus 
comprises a level selecting means (41) for selecting a 
back pressure control level with respect to back pres- 
sure. A sharpness selecting means (43) selects, as a 
selected sharpness, one of a plurality of sharpnesses in 
transition up to a maximum back pressure command 
value. On the basis of the back pressure control level, a 
determining section (42A) determines a back pressure 
pattern having a variable back pressure command value 
which continuously changes with respect to a retreat 
position of the screw. Th back pressure pattern has a 
mountain-shaped portion defined by the selected 
sharpness. Responsive to the pressure detected signal 
and the screw position detected signal, a controller (26) 
controls the back pressure in accordance with the back 
pressure pattern by means of the injection actuator. 
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Description 

BACKGROUND OF THE INVENTION: 

[0001] This invention relates to a back pressure con- 
trol method for an injection molding machine and a back 
pressure control apparatus therefor. 
[0002] Injection molding machines are classified into 
hydraulic injection molding machines and motor-driven 
injection molding machines. Each hydraulic injection 
molding machine uses hydraulic actuators as driving 
sources for an injection device and a clamping device 
while each motor-driven injection molding machine 
uses servomotors as the driving sources. Hereinafter, 
although the description will be made on the premise 
that the injection molding machines are the motor- 
driven injection molding machines, the invention is also 
applicable to hydraulic injection molding machines; the 
hydraulic injection molding machines and the motor- 
driven injection molding machines are similar in struc- 
ture and operation to each other except that there is a 
difference between the hydraulic actuators and the ser- 
vomotors. Now, the description. will proceed to opera- 
tions of an injection device using the servomotors as the 
actuators in brief. 

(1) In the plasticization and metering process, a 
screw is rotated by a screw-rotation servomotor. 
The screw is locaied within a heating cylinder. 
Resin powder is fed, as fed resin, from a hopper to 
a rear portion of the screw in the heating cylinder. 
Rotation of the screw results in feeding the fed resin 
having a predetermined metered amount to a nose 
portion of the heating cylinder with the fed resin 
melted by the heating cylinder to form molten resin. 
During this time duration, the screw is retracted due 
to pressure (back pressure) of the molten resin 
which is trapped in the nose portion of the heating 
cylinder. 

The screw has a rear end portion which is 
directly connected to an injection shaft. The injec- 
tion shaft is rotatably supported on a pressure plate 
through a bearing. The injection shaft is driven in an 
axial direction by an injection servomotor which is 
supported on the pressure plate. The pressure 
plate moves forward and backward along a guide 
bar in response to the operation of the injection ser- 
vomotor through a ball screw. In the manner which 
will later become clear, the above-mentioned back 
pressure of the molten resin is detected by using a 
load cell and controlled with a feedback control 
loop. 

(2) Subsequently, in a filling process, the pressure 
plate is advanced by means of driving the injection 
servomotor. The screw has a nose portion which 
serves as a piston to fill a mold with the molten 
resin. 

(3) At the end of the filling process, the molten resin 



fills the space within a cavity of the mold. At this 
point, the advancing motion of the screw has a con- 
trol mode which is switched from a velocity control 
mode to a pressure control mode. This switching is 

5 referred to as a "V-P switching". 

(4) After the V-P switching, the resin within the cav- 
ity of the mold is allowed to cool under a predeter- 
mined pressure. This process is called a dwelling 
process. In the dwelling process, the resin has 

10 pressure which is controlled in a feedback control 
loop in the similar manner which is described in 
conjunction with the above-mentioned back pres- 
sure control. 

is [0003] , Subsequently, operation of the injection device 
returns back to the plasticization and metering process 
set forth in (1) after the completion of the dwelling proc- 
ess set forth in (4). 

[0004] On the other hand, in a clamping device, an 
20 eject operation for ejecting a solid product out of the 
mold is carried out in parallel with the plasticization and 
metering process set forth in (1). The eject operation 
involves in opening the mold to remove the solid product 
from the mold by means of an ejector mechanism and 
25 thereafter in closing the mold for the resin filling set forth 
in (2). 

[0005] In the manner which will later be described in 
conjunction with Fig. 3, a conventional back pressure 
control method comprises the steps of setting a plurality 

30 of fixed back pressure command values to form a back 
pressure pattern having the fixed back pressure com- 
mand values that discontinuously vary with respect to a 
screw retreat position or a screw retreat time instant and 
of controlling back pressure so that a back pressure 

35 detected value coincides with the back pressure pat- 
tern. However, with the conventional back pressure con- 
trol method, it is impossible to sufficiently appreciate a 
specific characteristic of resin to be molded and to carry 
but a multi-stage back pressure control (for example, 

40 three-stage or four-stages) unless an injection molding ' 
machine operator has rich experiences. Inasmuch as 
the fixed back pressure command values are mutually 
related to a screw retreat position, molding work must 
be carried out by repeatedly changing the fixed back 

45 pressure command values until a combination of the 
fixed back pressure command values is suitable for 
switching positions depending on the screw position. As 
a result, this setting work of the conventional injection 
molding machine requires work both long in time and 

so high in skill. 

SUMMARY OF THF INVENTION : 

[0006] It is therefore an object of the present invention 
55. to provide a back pressure control method for an injec- 
tion molding machine, which is capable of carrying out 
near ideal back pressure control by simple setting work. 
[0007] It is another object of the present invention to 
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provide a back pressure control apparatus for an injec- 
tion molding machine, which is suitable to the above- 
mentioned back pressure control method. 
[0008] Other objects of this invention will become 
clear as the description proceeds. 
[0009] According to a first aspect of this invention, a 
back pressure control method is of controlling back 
pressure in an injection molding machine comprising an 
injection device. The injection device comprises a heat- 
ing cylinder for heating resin powder therein to melt the 
resin powder into molten resin, a screw disposed in the 
heating cylinder for feeding the molten resin in the heat- 
ing cylinder forward to meter the molten resin, and an 
injection actuator operatively coupled to the screw for 
driving the screw along an axial direction to inject the 
molten resin metered in the heating cylinder forward. 
The back pressure control method comprises the steps 
of setting a back pressure control level with respect to 
the back pressure, of automatically determining, on the 
basis of the back pressure control level, a back pressure 
pattern having a variable back pressure command value 
which continuously changes with respect to a retreat 
position of the screw, and of controlling the back pres- 
sure in accordance with the back pressure pattern. 
[001 0] According to a second aspect of this invention, 
a back pressure pattern preparing method is of prepar- 
ing a back pressure pattern for controlling back pres- 
sure in an injection molcfing machine comprising an 
injection device. The injection device comprises a heat- 
ing cylinder for heating resin powder therein to melt the 
resin powder into molten resin and a screw disposed in 
the heating cylinder for feeding the molten resin in the 
heating cylinder forward to meter the molten resin. The 
back pressure pattern preparing method comprises the 
steps of setting a back pressure control level with 
respect to the back pressure and of automatically deter- 
mining, on the basis of the back pressure control level, 
the back pressure pattern having a variable back pres- 
sure command value which continuously changes with 
respect to a retreat position of the screw to prepare the 
back pressure pattern. 

[001 1 ] According to a third aspect of this invention, a 
back pressure control method is of controlling back 
pressure in an injection molding machine comprising an 
injection device. The injection device comprises a heat- 
ing cylinder for heating resin powder therein to melt the 
resin powder into molten resin, a screw disposed in said 
heating cylinder for feeding the molten resin in the heat- 
ing cylinder forward to meter the molten resin, and an 
injection actuator operatively coupled to the screw for 
driving said screw along an axial direction to inject the 
molten resin metered in the heating cylinder forward. 
The back pressure control method comprises the steps 
of setting a back pressure control level with respect to 
the back pressure, of automatically determining, on the 
basis of the back pressure control level, a back pressure 
pattern having a variable back pressure command value 
which continuously changes with respect to time, and of 



controlling the back pressure in accordance with the 
back pressure pattern. 

[001 2] According to a fourth aspect of this invention, a 
back pressure pattern preparing method is of preparing 

5 a back pressure pattern for controlling back pressure in 
an injection molding machine comprising an injection 
device. The injection device comprises a heating cylin- 
der for heating resin powder therein to melt the resin 
powder into molten resin and a screw disposed in the 

10 heating cylinder for feeding the molten resin in the heat- 
ing cylinder forward to meter the molten resin. The 
back-pressure pattern preparing method comprises the 
steps of selling a back pressure control level with 
respect to the back pressure and of automatically deter- 

15 mining, on the basis of the back pressure control level, 
the back pressure pattern having a variable back pres- 
sure command value which continuously changes with 
respect to time to prepare the back pressure pattern. 
[0013] According to a fifth aspect of this invention, a 

20 back pressure control apparatus is for controlling back 
pressure in an injection molding machine comprising an 
injection device. The injection device comprises a heat- 
ing cylinder for heating resin powder therein to melt the 
resin powder into molten resin, a screw disposed in the 

25 heating cylinder for feeding the molten resin in said 
heating cylinder forward to meter the molten resin, and 
an injection actuator operatively coupled to the screw 
for driving the screw along an axial direction to inject the 
molten resin metered in the heating cylinder forward. 

30 The injection device is provided with a back pressure 
detector for detecting back pressure of the molten resin 
in said heating cylinder that is metered ahead of the 
screw to produce a pressure detected signal indicative 
of a back pressure detected value of the back pressure 

35 and with a screw position detector for detecting a retreat 
position of the screw to produce a screw position 
detected signal indicative of the retreat position of the 
screw. The back pressure control apparatus comprises 
a level setting section for setting a back pressure control 

40 level with respect to the back pressure to produce a 
level set signal indicative of the back pressure control 
level. Connected to the level setting section, a determin- 
ing section determines, on the basis of the back pres- 
sure control level indicated by the level set signal, a 

45 back pressure pattern having a variable back pressure 
command value which continuously changes with 
respect to a retreat position of the screw. The determin- 
ing section produces a pattern signal indicative of the 
back pressure pattern. Connected to the determining 

so section, the back pressure detector, and the screw posi- 
tion detector, and operatively coupled to the injection 
actuator, a controller controls, in response to the pres- 
sure detected signal and the screw position detected 
signal, the back pressure in accordance with the back 

55 pressure pattern by means of the injection actuator. 
[0014] According to a sixth aspect of this invention, a 
back pressure control apparatus is for controlling back 
pressure in an injection molding machine comprising an 
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injection device. The injection device comprises a heat- 
ing cylinder for heating resin powder therein to melt the 
resin powder into molten resin, a screw disposed in the 
heating cylinder for feeding the molten resin in the heat- 
ing cylinder forward to meter the molten resin, and an 
injection actuator operative ly coupled to the screw for 
driving the screw along an axial direction to inject the 
molten resin metered in the heating cylinder forward. 
The injection device is provided with a back pressure 
detector for detecting back pressure of the molten resin 
in the heating cylinder that is metered ahead of the 
screw to produce a pressure detected signal indicative 
of a back pressure detected value of the back pressure 
and with a screw position detector for detecting a retreat 
position of the screw to- produce a screw position 
detected signal indicative of the retreat position of said 
screw. The back pressure control apparatus comprises 
a level setting section for setting a back pressure control 
level with respect to the back pressure to produce a 
level set signal indicative of the back pressure control 
level. A sharpness selecting section selects, as a 
selected sharpness, one of a plurality of sharpnesses in 
transition up to a maximum back pressure command 
value. Connected to the level setting section and the 
sharpness selecting section," a determining section 
determines, on the. basis of the back pressure control 
level indicated by the level set signal, a back pressure 
pattern having a variable back pressure command value 
which continuously changes with respect to a retreat 
position of the screw. The back pressure pattern has a 
mountain-shaped portion defined by the selected 
sharpness. The determining section produces a pattern 
signal indicative of the back pressure pattern. Con- 
nected to the determining section, the back pressure 
detector, and the screw position detector, and opera- 
tively coupled to the injection actuator, a controller con- 
trols, in response to the pressure detected signal and 
the screw position detected signal, the back pressure in 
accordance with the back pressure pattern by means of 
the injection actuator. 

[001 5] According to a seventh aspect of this invention, 
a back pressure pattern preparing unit is for preparing a 
back pressure pattern for controlling back pressure in 
an injection molding machine comprising an injection 
device. The injection device comprises a heating cylin- 
der for heating resin powder therein to melt the resin 
powder into molten resin and a screw disposed in the 
heating cylinder for feeding the molten resin in the heat- 
ing cylinder forward to meter the molten resin. The back 
pressure pattern preparing unit comprises a level set- 
ting section for setting a back pressure control level with 
respect to the back pressure to produce a level set sig- 
nal indicative of the back pressure control level. Con- 
nected to the level setting section, a determining section 
determines, on the basis of the back pressure control 
level indicated by the level set signal, the back pressure 
pattern having a variable back pressure command value 
which continuously changes with respect to a retreat 



position of the screw. The determining section produces 
a pattern signal indicative of the back pressure pattern. 
[0016] According to an eighth aspect of this invention, 
a back pressure pattern preparing unit is for preparing a 

5 back pressure pattern for controlling back pressure in 
an injection molding machine comprising an injection 
• device. The injection device comprises a heating cylin- 
der for heating resin powder therein to melt the resin 
powder into molten resin and a screw disposed in the 

10 heating cylinder for feeding the molten resin in the heat- 
ing cylinder forward to meter the molten resin. The back 
pressure pattern preparing unit comprises a level set- 
ting section for setting a back pressure control level with 
respect to the back pressure to produce a level set sig- 

15 nal indicative of the back pressure control level. A 
sharpness selecting section for selects, as a selected 
sharpness, one of a plurality of sharpnesses in transi- 
tion up to a maximum back pressure command value. 
Connected to the level setting section and the sharp- 

20 ness selecting section, a determining section deter- 
mines, on the basis of the back pressure control level 
indicated by the level set signal, the back pressure pat- 
tern having a variable back pressure command value 
which continuously changes with respect to a retreat 

25 position of the screw. The back pressure pattern has a 
mountain-shaped portion defined by the selected 
sharpness. The determining section produces a pattern 
signal indicative of the back pressure pattern. 
[0017] According to a ninth aspect of this invention, a 

30 back pressure control apparatus is for controlling back 
pressure in an injection molding machine comprising an 
injection device. The injection device comprises a heat- 
ing cylinder for heating resin powder therein to melt the 
resin powder into molten resin, a screw disposed in the 

35 heating cylinder for feeding the molten resin in the heat- 
ing cylinder forward to meter the molten resin, and an 
injection actuator operatively coupled to the screw for 
driving said screw along an axial direction to inject the 
molten resin metered in the heating cylinder forward. 

40 The injection device is provided with a back pressure 
detector for detecting back pressure of the molten resin 
in said heating cylinder that is metered ahead of the 
screw to produce a pressure detected signal indicative 
of a back pressure detected value of the back pressure 

45 and with a screw retreat time instant generator for gen- 
erating a time instant signal indicative of a retreat time 
instant of the screw. The back pressure control appara- 
tus comprises a level setting section for setting a back 
pressure control level with respect to the back pressure 

so to produce a level set signal indicative of the back pres- 
sure control level. Connected to the level setting sec- 
tion, a determining section determines, on the basis of 
the back pressure control level indicated by the level set 
signal, a back pressure pattern having a variable back 

55 pressure command value which continuously changes 
with respect to the retreat time instant of the screw. The 
determining section produces a pattern signal indicative 
of the back pressure pattern. Connected to the deter- 
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mining section, the back pressure detector, and the 
screw retreat time instant generator, and operatively 
coupled to the injection actuator, a controller controls, in 
response to the pressure detected signal and the time 
instant signal, the back pressure in accordance with the 5 
back pressure pattern by means of the injection actua- 
tor. 

[001 8] According to a tenth aspect of this invention, a 
back pressure control apparatus is for controlling back 
pressure in an injection molding machine comprising an io 
injection device. The injection device comprises a heat- 
ing cylinder for heating resin powder therein to melt the 
resin powder into molten resin, a screw disposed in the 
heating cylinder for feeding the molten resin in the heat- 
ing cylinder forward to meter the molten resin, and an 75 
injection actuator operatively coupled to the screw for 
driving the screw along an axial direction to inject the 
molten resin metered in the heating cylinder forward. 
The injection device is provided with a back pressure 
detector for detecting back pressure of the molten resin 20 
in said heating cylinder that is metered ahead of the 
screw to produce a pressure detected signal indicative 
of a back pressure detected value of the back pressure 
and with a screw retreat time instant generator for gen- 
erating a time instant signal indicative of a retreat time 25 
instant of the screw. The back pressure control appara- 
tus comprises a level setting section for setting a back 
pressure control level with respect to the back pressure 
to produce a level set signal indicative of the back pres- 
sure control level. A sharpness selecting section 30 
selects, as a selected sharpness, one of a plurality of 
sharpnesses in transition up to a maximum back pres- 
sure command value. Connected to the level setting 
section and the sharpness selecting section, a deter- 
mining section determines, on the basis of the back 35 
pressure control level indicated by the level set signal, a 
back pressure pattern having a variable back pressure 
command value which continuously changes with 
respect to time. The back pressure pattern has a moun- 
tain-shaped portion defined by the selected sharpness. 40 
The determining section produces a pattern signal 
indicative of the back pressure pattern. Connected to 
the determining section, the back pressure detector, 
and the screw retreat time instant generator, and opera- 
tively coupled to the injection actuator, a controller con- 45 
trols, in response to the pressure detected signal and 
the time instant signal, the back pressure in accordance 
with the back pressure pattern by means of the injection 
actuator. 

[001 9] According to an eleventh aspect of this inven- so 
tion, a back pressure pattern preparing unit is for pre- 
paring a back pressure pattern for controlling back 
pressure in an injection molding machine comprising an 
injection device. The injection device comprises a heat- 
ing cylinder for heating resin powder therein to melt the 55 
resin powder into molten resin and a screw disposed in 
the heating cylinder for feeding the molten resin in the 
heating cylinder forward to meter the molten resin. The 



back pressure pattern preparing unit comprises a level 
setting section for setting a back pressure control level 
with respect to the back pressure to produce a level set 
signal indicative of the back pressure control level. Con- 
nected to the level setting section, a determining section 
determines, on the basis of the back pressure control 
level indicated by the level set signal, the back pressure 
pattern having a variable back pressure command value 
which continuously changes with respect to a retreat 
time instant of the screw. The determining section pro- 
duces a pattern signal indicative of the back pressure 
pattern. 

[0020] According to a twelfth aspect of this invention, 
a back pressure pattern preparing unit is for preparing a 
back pressure pattern for controlling back pressure in 
an injection molding machine comprising an injection 
device. The injection device comprises a heating cylin- 
der for heating resin powder therein to melt the resin 
powder into molten resin and a screw disposed in the 
heating cylinder for feeding the molten resin in the heat- 
ing cylinder forward to meter the molten resin. The back 
pressure pattern preparing unit comprises a level set- 
ting section for setting a back pressure control level with 
respect to the back pressure to produce a level set sig- 
nal indicative of the back pressure control level. A 
sharpness selecting section selects, as a selected 
sharpness, one of a plurality of sharpnesses in transi- 
tion up to a maximum back pressure command value. 
Connected to the level setting section and the sharp- 
ness selecting section, a determining section deter- 
mines, on the basis of the back pressure control level 
indicated by the level set signal, the back pressure pat- 
tern having a variable back pressure command value 
which continuously changes with respect to a retreat 
time instant of the screw. The back pressure pattern has 
a mountain-shaped portion defined by the selected 
sharpness. The determining section produces a pattern 
signal indicative of the back pressure pattern. 

BRIEF DESCRIPTION OF THE DRAWING : 

[0021] 

Fig. 1 is a schematic view of a conventional motor- 
driven injection molding machine which comprises 
an injection device driven by servomotors; 
Figs. 2A and 2A are explanatory views collectively 
showing a configuration of a screw for use in the 
conventional motor-driven injection molding 
machine illustrated in Fig. 1 ; 
Fig. 3 is a view for use in describing an example of 
setting of back pressure in the conventional motor- 
driven injection molding machine; 
Fig. 4 is a block diagram of a back pressure control 
apparatus according to a first embodiment of this 
invention; 

Fig. 5 is a view showing a relationship between a 
low back pressure control level and a first back 
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pressure pattern for use in the back pressure con- 
trol in the back pressure control apparatus illus- 
trated in Fig. 4; 

Fig. 6 is a view showing a relationship between a 
medium back pressure control level and a second 5 
back pressure pattern for use in the back pressure 
control in the back pressure control apparatus illus- 
trated in Fig. 4; 

Fig. 7 is a view showing a relationship between a 
high back pressure control level and a third back w 
pressure pattern for use in the back pressure con- 
trol in the back pressure control apparatus illus- 
trated in Fig. 4; 

Fig. 8 is a block diagram of a back pressure control 
apparatus according to a second embodiment of is 
this invention; 

Fig. 9 is a view showing a relationship between a 
low back pressure control level and three first back 
pressure pattern for use in the back pressure con- 
trol in the back pressure control apparatus illus- 20 
trated in Fig. 8; 

Fig. 10 is a view showing a relationship between a 
medium back pressure control level and three sec- 
ond back pressure pattern for use in the back pres- 
sure control in the back pressure control apparatus 25 
illustrated in Fig. 8; 

Fig. 11 is a view showing a relationship between a 
high back pressure control level and three third 
back pressure pattern for use in the back pressure 
control in the back pressure control apparatus illus- 30 
trated in Fig. 8; 

Fig. 12 is a block diagram of a back pressure con- 
trol apparatus according to a third embodiment of 
this invention; 

Fig. 13 is a view showing a relationship between a 35 
low back pressure control level and a first back 
pressure pattern for use in the back pressure con- 
trol in the back pressure control apparatus illus- 
trated in Fig. 12; 

Fig. 14 is a view showing a relationship between a 40 
medium back pressure control level and a second 
back pressure pattern for use in the back pressure 
control in the back pressure control apparatus illus- 
trated in Fig. 12; 

Fig. 15 is a view showing a relationship between a 45 
high back pressure control level and a third back 
pressure pattern for use in the back pressure con- 
trol in the back pressure control apparatus illus- 
trated in Fig. 12; 

Fig. 16 is a block diagram of a back pressure con- so 
trol apparatus according to a fourth embodiment of 
this invention; 

Fig. 17 is a view showing a relationship between a 
low back pressure control level and three first back 
pressure pattern for use in the back pressure con- 55 
trol in the back pressure control apparatus illus- 
trated in Fig. 16; 

Fig. 18 is a view showing a relationship between a 



medium back pressure control level and three sec- 
ond back pressure pattern for use in the back pres- 
sure control in the back pressure control apparatus 
illustrated in Fig. 16; 

Fig. 19 is a view showing a relationship between a 
high back pressure control level and three third 
back pressure pattern for use in the back pressure 
control in the back pressure control apparatus illus- 
trated in Fig. 16; 

Fig. 20 is a schematic view of a conventional 
hydraulic injection molding machine which com- 
prises an injection device driven by a hydraulic 
actuator; 

Fig. 21 is a block diagram of a back pressure con- 
trol apparatus according to a fifth embodiment of 
this invention; 

Fig. 22 is a block diagram of a back pressure con- 
trol apparatus according to a sixth embodiment of 
this invention; 

Fig. 23 is a block diagram of a back pressure con- 
trol apparatus according to a seventh embodiment 
of this invention; and 

Fig. 24 is a block diagram of a back pressure con- 
trol apparatus according to an eighth embodiment 
of this invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENT : 

[0022] Referring to Fig. 1 , a conventional motor-driven 
injection molding machine will be described at first in 
order to facilitate an understanding of the present inven- 
tion. The illustrated motor-driven injection molding 
machine carries out a filling of molten resin by convert- 
ing rotational motion of a servomotor into linear or recip- 
rocating motion using a ball screw and a nut. 
[0023] In Fig. 1 , rotation of an injection servomotor 1 1 
is transmitted to a ball screw 12. A nut 13 is fixed to a 
pressure plate 14 such that it advances and is retracted 
in response to the rotation of the ball screw 12. The 
pressure plate 14 is movable along guide bars 15 and 
16 fixed to a base frame (not shown). The back and 
forth movement of the pressure plate 14 is transmitted 
to a screw 20 via a bearing 17, a load cell 18, and an 
injection shaft 19. The screw 20 is positioned within a 
heating cylinder 21 such that it is rotatable and movable 
in the axial direction. The heat cylinder 21 correspond- 
ing to the rear portion of the screw 20 is provided with a 
hopper 22 for feeding resin powder. The rotational 
motion of a screw-rotation servomotor 24 is transmitted 
to the injection shaft 19 via a coupling member 23 com- 
prised of, for example, a belt and a pulley. In other 
words, the screw 20 rotates as a result that the injection 
shaft 19 is rotationally driven by the screw-rotation ser- 
vomotor 24. 

[0024] During a plasticization and metering process, 
molten resin is trapped in the heating cylinder 21 ahead 
of the screw 20, namely, on the side of a nozzle 21-1 
when the screw 20 goes back while rotating in the heat- 
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ing cylinder 21 . The molten resin ahead of the screw 21 
is then filled in a mold (not shown) and pressurized for 
molding. Force acting upon the molten resin is detected 
by the load cell 18 as reaction force, namely, back pres- 
sure. The load cell 18 produces a pressure detected 
signal indicative of the back pressure. The load cell 18 
serves as a back pressure detector tor detecting the 
back pressure. The pressure detected signal is ampli- 
fied by a load cell amplifier 25 into an amplified pressure 
signal which is then supplied to a controller 26'. 
[0025] Attached to the pressure plate 14, a position 
detector 27 detects an amount o1 movement of the 
screw 20 to produce a position detected signal indica- 
tive of the amount of the movement of the screw 20. The 
position detected signal is amplified by a position ampli- 
fier 28 into an amplified position signal which is then 
supplied to the controller 26'. The position detector 27 
acts as a screw position detector for detecting a screw 
retreat position. The controller 26' supplies first and sec- 
ond current (torque) commands to first and second 
motor drivers 29 and 30 depending on the above-men- 
tioned processes for each of values set by an operator. 
[0026] Responsive to the first current (torque) com- 
mand, the first motor driver 29 controls a rotation speed 
of the screw-rotation servomotor 24 by means of con- 
trolling a first driving current for the screw-rotation ser- 
vomotor 24. Responsive to the second current (torque) 
command, the second motor driver 30 controls an out- 
put torque of the injection servomotor 11 by means of 
controlling a second driving current for the injection ser- 
vomotor 11. The screw-rotation servomotor 24 is pro- 
vided with a first encoder 31 for detecting a first rotation 
speed of the screw-rotation servomotor 24 to produce a 
first rotation speed signal indicative of the first rotation 
speed. Likewise, the injection servomotor 1 1 is provided 
with a second encoder 32 for detecting a second rota- 
tion speed of the injection servomotor 1 1 to produce a 
second rotation speed signal indicative of the second 
rotation speed. The first and the second rotation speed 
- signals are supplied to the controller 26\ In particular, 
the first rotation speed detected by the first encoder 31 
is used for determining a rotation speed of the screw 20. 
[0027] It is noted that the example configuration illus- 
trated in Fig. 1 is for the sake of simplicity and conven- 
ience. A specific configuration of this example is 
described in, for example, Japanese Unexamined Pat- 
ent Publication of Tokkai No. Hei 9-174,626 or JP-A 9- 
174,626 which are hereby incorporated by reference. 
Other configurations may also be used, as will be 
apparent to those skilled in the art. 
[0028] Referring to Figs. 2A and 2B, description will 
proceed to the screw 20 in detail. As shown in Fig. 2A, 
the screw 20 is formed of four sections: a feed section 
20-1. a compression section 20-2. a metering section 
20-3. and a head section 20-4. The feed section 20-1 is 
for feeding the resin powder from the hopper 22 (Fig. 1) 
in a solid state or a partially molten state. The resin has 
temperature which is increased up to around a melting 



point at the feed section 20-1 . Under the circumstances, 
the feed section 20-1 typically has a rod-shaped mem- 
ber 20' (Fig. 2B) of a generally constant diameter along 
the length thereof and a helical groove in the peripheral 

s surface thereof. 

[0029] Supplied from the feed section 20-1 to the com- 
pression section 20-2, the resin powder comprises a lot 
of resin grains which are spaced apart from each other. 
As a result, molten resin in the compression section 20- 

io 2 has approximately half the volume of the resin pow- 
der. The compression section 20-2 is for reducing the 
space through which the resin powder is allowed to 
pass, in order to make up for the reduced volume. This 
compression can be achieved by means of tapering the 

15 rod-shaped member 20' at the position corresponding 
to the compression section 20-2 to make the helical 
groove shallow. The compression section 20-2 com- 
. presses the molten resin, enhances an exothermic 
effect caused by friction, and increases the pressure of 

20 the molten resin to push back to the hopper 22 air in the 
heating cylinder 21, moisture and volatile gas contained 
in the air and contaminated in the molten resin. As is 
apparent from the above-description, the heat cylinder 
21 has the resin pressure of the highest level in the 

25 compression section 20-2. 

[0030] The rod-shaped member 20' has the largest 
diameter in a region corresponding to the metering sec- 
tion 20-3. The metering section 20-3 has the shallowest 
helical groove formed in the rod-shaped member 20'. 

30 The molten resin is subjected to large shearing force in 
the metering section 20-3 and is heated to uniform tem- 
perature with an internal exothermic reaction. A prede- 
termined amount of the molten resin is then fed towards 
the nozzle side in the heating cylinder 21 . 

35 [0031 ] The feeding of the molten resin from the meter- 
ing section 20-3 to the nozzle side is performed through 
a check valve ring 20-5 in the head section 20-4. The 
check valve ring 20-5 is located at a position in the vicin- 
ity of the left-hand side in the figure during the metering 

40 process. In this state, the molten resin can be fed from 
the metering section 20-3 to the nozzle side. 
[0032] After the completion of the metering process, 
the check valve ring 20-5 moves to the right-hand side 
in the figure because of a pressure difference. As a 

45 result, the molten resin is prevented from flowing back 
away from the nozzle side to the metering section 20-3. 
The head section 20-4 is typically formed separately 
from the rod-shaped member 20'. The head section 20- 
4 has a male thread formed in the root portion thereof. 

so The rod-shaped member 20' has a female thread 
formed in an end thereof. The head section 20-4 is cou- 
pled to the rod-shaped member 20* by means of engag- 
ing the male thread formed in the head section 20-4 with 
the female thread formed in the rod-shaped member 

55 20'. To this end. the root portion of the head section 20- 
4 is significantly smaller in diameter than the rod- 
shaped member 20*. 

[0033] Now, the description will proceed to a conven- 
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tional back pressure control method which is disclosed 
in, for example. Japanese Examined Patent Publication 
of Tokkou No. Hei 4-28,533 or JP-B 4-28,533. The con- 
ventional back pressure control method comprises the 
steps of converting a retreat motion of an injection 5 ' 
plunger, (the screw 20) into a rotary motion and of con- 
trolling back pressure of the injection plunger in a charg- 
ing process for molding material by controlling rotational 
force of the rotary motion. Specifically, responsive to the 
retread motion of the injection plunger, a screw. shaft w 
rotates. The screw shaft has an end portion which is 
mechanically connected to a motor serving as a back 
pressure controller for controlling rotational force of the 
screw shaft. Control of driving force of the motor is car- 
ried out by a feedback control system where pressure of 15 
molten material or retreat force (thrust force) of the 
injection plunger during the charging process is electri- 
cally measured as a feedback signal indicative of back 
pressure of the injection plunger and feedback control is 
carried out so that the back pressure of the injection 20 
plunger has a pressure detected value which coincides 
with one of pressure command values at a time. 
[0034] Fig. 3 shows an example for setting back pres- 
sure required to the conventional back pressure control. 
In Fig. 3. the abscissa and the ordinate represent a 25 
screw retreat position and back pressure, respectively. 
In a known back pressure control including the back 
pressure control disclosed in the above-mentioned JP- 
B 4-28,533, first through third fixed back pressure com- 
mand values PI, P2, and P3 are usually set in accord- 30 
ance with the screw retreat position by an operator. In 
this event, the first fixed back pressure command value 
P1 is less than the second fixed back pressure com- 
mand value P2 and is more than the third fixed back 
pressure command value P3. According to circum- 35 
stance, four fixed back pressure command values 
including another fixed back pressure command value 
depicted at a broken line may be set in accordance with 
the screw retreat position. In addition, current or an out- 
put torque of the motor is controlled so that the pressure 40 
detected value coincides with one of the fixed back 
pressure command values at a time. 
[0035] The description will proceed to the reason why 
a multi-stage back pressure setting is required. Atten- 
tion will be directed to immediately after start of screw 45 
rotation in a plasticization and metering process. In this 
event, inasmuch as the retreat force of the screw back- 
ward become not sufficiently high, it is necessary to set 
the back pressure so as to have the first fixed back pres- 
sure command value P1. This is because volume com- so 
pression occurs in bubbles within the resin in the helical 
groove of the screw 20 or the resin trapped ahead of the 
head section 29-4 of the screw 20 or the resin is not yet 
sufficiently chewed in the feed section 20-1 of the screw 
20. 55 
[0036] Thereafter, it will be assumed that the screw 20 
normally starts to retreat. Under the circumstances, 
suitable back pressure having the second fixed back 
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pressure command value P2 is required. With the screw 
retreat, the feed section 20-1 of the screw 20 has a 
short effective length and it results in decreasing the 
retreat force of the screw 20. The reason why the feed 
section 20-T of the screw 20 has the short effective 
length is that the screw 20 retreats as a whole although 
the hopper 22 is located at a fixed position. Accordingly, 
it is necessary to decrease the back pressure in 
response to the retreat force of the screw 20. 
[0037] Attention will be directed to immediately before 
completion of the plasticization and metering process. 
In this event, control is normally made so as to decrease 
the rotation speed of the screw 20 in order to prevent 
the screw 20 from retreating over a target There is 
resin, such as polyamide resin and so on, where the 
screw retreat is easily led into a changeable state if the 
rotation speed of the screw 20 is low. Accordingly, it is 
necessary to lower the back pressure acting as resist- 
ance of the screw retreat, as illustrated at the third fixed 
back pressure command value P3 in Fig. 3. 
[0038] As is apparent from the above-mentioned 
description, for the conventional back. pressure control 
method it is necessary to have an operator who suffi- 
ciently appreciates a specific characteristic of resin to 
be molded and to carry out a multi-stage back pressure 
setting of three-stage or four-stage on the basis of this 
operator's rich experiences. Inasmuch as the fixed back 
pressure command values are mutually related to the 
screw retreat position, molding work must be carried out 
by repeatedly changing the fixed back pressure com- 
mand values until a combination of the fixed back pres- 
sure command values is suitable for switching positions 
depending on the screw position. As a result, setting 
work of the conventional injection molding machine 
requires work both long in time interval and high in skill, 
as mentioned above. 

[0039] Referring to Fig. 4, the description will proceed 
to a back pressure control apparatus according to a first 
embodiment of this invention in conjunction with a 
motor-driven injection molding machine. The illustrated 
back pressure control apparatus comprises a level set- 
ting section 41 . a determining section 42, the back pres- 
sure detector 18, the screw position detector 27, and a 
controller 26. 

[0040] The level setting section 41 is for setting a back 
pressure control level with respect to the back pressure. 
The level setting section 41 produces a level set signal 
indicative of the back pressure control level. The level 
set signal is supplied to the determining section 42. In 
the manner which will become clear as the description 
proceeds, the determining section 42 determines, on 
the basis of the back pressure control level, a back pres- 
sure pattern having a variable back pressure command 
value which continuously changes with respect to a 
screw retreat position. The determining section 42 pro- 
duces a pattern signal indicative of the back pressure 
pattern. The pattern signal is supplied to the controller 
26. At any rate, a combination of the level setting sec- 
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tion 41 and the determining section serves as a back 
pressure pattern preparing unit for preparing the back 
pressure pattern with respect to the screw retreat posi- 
tion. 

[0041] The back pressure detector 18 detects the 
back pressure of the metered molten resin within the 
heating cylinder 21 that is metered ahead of the screw 
20 to produce the back pressure detected signal indica- 
tive of a back pressure detected value. The back pres- 
sure detected signal is supplied to the controller 26 
through the amplifier 25. The screw position detector 27 
detects the retreat position of the screw 20 to produce 
the screw^retreat position detected signal indicative of 
the screw retreat position. The screw retreat position 
detected signal is supplied to the controller 26 via the 
amplifier 28. Responsive to the back pressure detected 
signal and the screw retreat position detected signal, 
the controller 26 carries out back pressure control in 
accordance with the pattern signal by means of control- 
ling the injection servomotor 1 1 via the motor driver 30. 
[0042] Set by the level setting section 41, the back 
pressure control level has a value given with respect to 
the back pressure. The back pressure control level has 
a value which may be an average value ol the back 
pressure or an average value of a total work amount of 
the back pressure. However, the value of the back pres- 
sure control level merely represents a numerical value 
as a criterion and may be, for example, settable to one 
selected from numerical values 0 through 99. The 
numerical value itself is not important. Determined on 
the basis of the back pressure control level, the back 
pressure pattern is an important element in the manner 
. which will presently be described. 
[0043] Referring to Figs. 5, 6, and 7 in addition to Fig. 
4, the description will proceed to back pressure patterns 
produced by the determining section 42. In Figs. 5 
through 7, the abscissa and the ordinate represent the 
screw retreat position and the back pressure, respec- 
tively. Fig. 5 shows a first back pressure pattern PT1 
when the back pressure control level set by the level 
setting section 41 is low. Fig. 6 shows a second back 
pressure pattern PT2 when the back pressure control 
level set by the level setting section 41 is medium. Fig. 7 
shows a third back pressure pattern PT3 when the back 
pressure control level set by the level setting section 41 
is high. 

[0044] In Figs. 5 through 7, each of the first through 
the third back pressure patterns PT1, PT2, and PT3 is 
defined by the screw retreat position corresponding to 
the start of the screw rotation and the screw retreat 
position corresponding to the stop of the screw rotation. 
Specifically, between the screw retreat position between 
the start of the screw rotation and the stop of the screw 
rotation, a screw movement stroke is represented by L 
The screw movement stroke L is divided into a plurality 
of divided stroke regions as a unit of L/10 which is one- 
tenth as large as the screw movement stroke L. 
[0045] In the example being illustrated, the screw 



movement stroke L is divided into first through fifth 
divided stroke regions L1, L2, L3, L4, and L5 in the 
order in which the screw retreat position is shifted from 
a start position for the start of the screw rotation to a 

5 stop position for the stop of the screw rotation. Each of 
the first and the fifth divided stroke regions L1 and L5 
has a length L/10 which is one-tenths as large as the 
screw movement stroke L. The first divided stroke 
region L1 is called a start divided stroke region while the 

to fifth divided stroke region L5 is called a final divided 
stroke region. Each of the second and the fourth divided 
stroke regions 12 and L4 has a length 2L/10 which is 
two-tenths as large as the screw movement stroke L. 
The second divided stroke region 12 is referred to as a 

15 leading divided stroke region while the fourth divided 
stroke region L4 is referred to as a trailing divided stroke 
region. The third divided stroke region L3 has a length 
4L/10 which is four-tenths as large as the screw move- 
ment stroke L. The third divided stroke region L3 is 

20 called an intermediate divided stroke region. 

[0046] As illustrated in Figs. 5 through 7, at the first or 
the start divided stroke region L1 immediately after the 
start of the screw rotation, each of the first through the 
third back pressure patterns PT1 . PT2. and PT3 has a 

25 variable back pressure command value which shifts 
from a zero back pressure command value to a start low 
back pressure command value. At the second or the 
leading divided stroke region L2, each of the first 
through the third back pressure patterns PT1 , PT2. and 

30 PT3 has a variable back pressure command value 
which rises from the start low back pressure command 
value up to a maximum back pressure command value. 
At the third or the intermediate divided stroke region L3, 
each of the first through the third back pressure patterns 

35 PT1 , PT2. and PT3 has a variable back pressure com- 
mand value which gently falls from the maximum back 
pressure commend value to a medium back pressure 
command value. At the fourth or the trailing divided 
stroke region L4, each of the first through the third back 

40 pressure patterns PT1, PT2, and PT3 has a variable 
back pressure command value which relatively abruptly 
falls from the medium back pressure command value to 
a final low back pressure command value. At the fifth or 
the final divided stroke region L5, each of the first 

45 through the third back pressure patterns PT1 , PT2. and 
PT3 has a variable back pressure command value 
which shifts from the final low back pressure command 
value to a zero back pressure command value. 
[0047] As a result, it is possible to obtain the back 

so pressure pattern having the variable back pressure 
command value which continuously changes with the 
back pressure command value related to the screw 
retreat position with a one-to-one correspondence. 
[0048] As shown in Figs. 5 through 7. each of the first 

55 through the third back pr ssure patterns PT1 . PT2. and 
PT3 has a mountain-shaped portion except for portions 
corresponding to the first and the final divided stroke 
regions L1 and L5. Responsive to the back pressure 
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control level set by the level setting section 41, the 
mountain-shaped portion of the back pressure pattern 
shifts up and down along the ordinate. For this purpose, 
the determining section 42 includes a memory 421 for 
preliminarily storing the mountain-shaped portion of the 
back pressure pattern as a standard configuration. 
[0049] Now, the description will proceed to operation 
of the back pressure control apparatus illustrated in Fig. 
4. An operator first operates the level setting section 41 
to make the level setting section 41 set the back pres- 
sure control level. The level set signal indicative of the 
back pressure control level is supplied to the determin- 
ing section 42. Responsive to the level set signal, the 
determining section 42 determines, on the basis of the 
back pressure control level, the back pressure pattern 
as illustrated in Figs. 5 through 7 to produce the pattern 
signal indicative of the back pressure pattern. The pat- 
tern signal is supplied to the controller 26. The controller 
26 is also supplied with the screw position detected sig- 
nal indicative of the screw retreat position from the 
screw position detector 27 through the amplifier 28 and 
with the pressure detected signal indicative of the back 
pressure detected value from the back pressure detec- 
tor 1 8 through the amplifier 25. Responsive to the screw 
retreat position indicated by the screw position detected 
signai, the controller 26 carries oui back pressure con- 
trol so that the back pressure detected value coincides 
with the variable back pressure command value indi- 
cated by the back pressure pattern that corresponds to 
the screw retreat position. Specifically, the controller 26 
recognizes a current screw retreat position from the 
screw position detected signal detected by the screw 
position detector 27 after the screw 20 begins to rotate. 
Subsequently, the controller 26 compares the back 
pressure detected value with a current back pressure 
command value in the pattern signal that corresponds 
to the current screw retreat position to obtain a current 
pressure difference between the back pressure 
detected value and the current back pressure command 
value. Thereafter, the controller 26 controls a current or 
an output torque of the injection servomotor 1 1 via the 
motor driver 30 so that the current pressure difference 
becomes zero or becomes approximately zero. 
[0050] In addition, as described above, the back pres- 
sure pattern has the final low back pressure command 
value at the fifth or the final divided stroke region L5. As 
a result, although the rotation speed of the screw 20 
decreases at the fifth or the final divided stroke region 
L5, the screw retreat is not changeable and the screw 
20 does not race at this position. Although the first 
through the fifth divided stroke regions L1 to L5 have 
lengths which are one-tenths, two-tenths, four-tenths, 
two-tenths, and one-tenths as large as the screw move- 
ment stroke L. respectively, in the above-mentioned 
embodiment each of the first through the fifth divided 
stroke regions L1 to L5 may have a length which is suit- 
ably selected. 

[0051] As is described in conjunction with Fig. 3. in the 



conventional back pressure control method, the opera- 
tor must set three fixed back pressure command values: 
the first fixed back pressure command value Pi imme- 
diately after start of screw rotation in a plasticization and 

5 metering process, the third fixed back pressure com- 
mand value P3 immediately before completion of the 
plasticization and metering process, and the second 
fixed back pressure command value P2 during a normal 
plasticization and metering process. Preferably, the 

w operator must set four fixed back pressure control val- 
ues as illustrated in a broken line of Fig. 3. In addition, 
as regards a combination of a plurality of fixed back 
pressure command values and switching positions ther- 
ebetween, the operator is required to have experience 

15 as to how the retreat of the screw 20, namely, chewing 
and kneading, goes smoothly. 

[0052] In contrast to this, in the back pressure control 
apparatus according to the first embodiment of this 
invention, the operator may set only one back pressure 

20 control level by means of the level setting section 41 and 
then the back pressure pattern is automatically deter- 
mined or prepared by the determining section 42. In this 
event, the operator may first set the back pressure con- 
trol level rather low and subsequently may rise the back 

25 pressure control level in consideration of conditions of 
the retreat of the screw 20, states of gas discharged 
from the molten resin in the nose portion of the heating 
cylinder 21 , or color of the resin. Such work is extremely 
easy in comparison with conventional setting work for 

30 the combination of the fixed back pressure command 
values and the switching positions therebetween and a 
high level of skill thereof is not necessary. 
[0053] The back pressure control apparatus illustrated 
in Fig. 4 prepares or produces the back pressure pat- 

35 tern having only one mountain -shaped portion. That is, 
the back pressure pattern has only one type of moun- 
tain-shaped portion. However, the back pressure control 
apparatus preferably may prepare or produce the back 
pressure pattern having one selected from a plurality of 

40 mountain -shaped portions in the manner which will 
presently.be described. In other words, the back pres- 
sure pattern may have two or more types of mountain- 
shaped portions. 

[0054] Referring to Fig. 8, the description will proceed 
45 to a back pressure control apparatus according to a 
second embodiment of this invention. The illustrated 
back pressure control apparatus is similar in structure 
and operation to that illustrated in Fig. 4 except that the 
back pressure control apparatus further comprises a 
so sharpness selecting section 43 and the determining 
section is modified from that illustrated in Fig. 4 as will 
later become clear. The determining section is therefore 
depicted at 42A. 

[0055] The sharpness selecting section 43 is for 
55 selecting, as a selected sharpness, one of first through 
third sharpnesses in transition from the start low back 
pressure command value as it approaches the maxi- 
mum back pressure command value. The term "sharp- 
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ness" is used in this specification to mean the rate of 
change of the slope of the pattern. The first sharpness 
is a relatively abrupt sharpness while the third sharp- 
ness is a relatively gentle sharpness. The second 
sharpness is a medium sharpness between the first and 5 
the third sharpnesses. The first through the third sharp- 
nesses define first through third mountain-shaped por- 
tions, respectively. The first mountain-shaped portion 
has in configuration a relatively abrupt slope while the 
third mountain-shaped portion has in configuration a w 
relatively gentle slope. The second mountain-shaped 
portion has in configuration a medium slope between 
the relatively abrupt slope and the. relatively gentle 
slope. The sharpness selecting section 43 produces a 
sharpness selected signal indicative of the selected 75 
sharpness. The sharpness selected signal is supplied 
to the determining section 42A. 
[0056] Responsive to the sharpness selected signal, 
the determining section 42A determines, on the basis of 
the back pressure control level, a back pressure pattern 20 
having a variable back pressure command value which 
continuously changes with respect to a screw retreat 
position in the manner which will become clear as the 
description proceeds. The determining section 42A pro- 
duces a pattern signal indicative of the back pressure 25 
pattern. The pattern signal is supplied to the controller 
26. At any rate, a combination of the level setting sec- 
tion 4i. the sharpness selecting section 43, and the 
determining section 42A is operable as a back pressure 
pattern preparing unit for preparing the back pressure 30 
pattern with respect to the screw retreat position. 
[0057] Responsive to the back pressure detected sig- 
nal and the screw retreat position detected signal, the 
controller 26 carries out back pressure control in 
accordance with the pattern signal by means of control- 35 
ling the injection servomotor 1 1 via the motor driver 30. 
[0058] Referring to Figs. 9, 10, and 1 1 in addition to . 
Fig. 8, the description will proceed to back pressure pat- 
terns produced by the determining section 42A. In Figs. 
9 through 1 1 , the abscissa and the ordinate represent 40 
the screw retreat position and the back pressure, 
respectively. Fig. 9 shows three first back pressure pat- 
terns: a first abrupt back pressure pattern PT1A; a first 
medium back pressure pattern PT1M; and a first gentle 
back pressure pattern PT1G when the back pressure 45 
control level set by the level setting section 41 is rela- 
tively low. Fig. 10 shows three second back pressure 
patterns: a second abrupt back pressure pattern PT2A; 
a second medium back pressure pattern PT2M; and a 
second gentle back pressure pattern PT2G when the so 
back pressure control level set by the level setting sec- 
tion 41 is medium. Fig. 11 shows three third back pres- 
sure patterns: a third abrupt back pressure pattern 
PT3A; a third medium back pressure pattern PT3M; and 
a third gentle back pressure pattern PT3 when the back 55 
pressure control level set by the level setting section 41 
is relatively high. 

[0059] As shown in Fig. 9, the first medium back pres- 



sure pattern PT1M corresponds to the first back pres- 
sure pattern PT1 illustrated in Fig. 5. The first abrupt 
back pressure pattern PTi A has a maximum back pres- 
sure command value which is higher than that of the 
first medium back pressure pattern PT1M. The first gen- 
tle back pressure pattern PT1G has a maximum back 
pressure command value which is lower than that of the 
first medium back pressure pattern PT1M. 
[0060] Likewise, the second medium back pressure 
pattern PT2M illustrated in Fig. 10 corresponds to the 
second back pressure pattern PT2 illustrated in Fig. 6. 
The second abrupt back pressure pattern PT2A has a 
maximum back pressure command value which is 
higher than that of the second medium back pressure 
pattern PT2M. The second gentle back pressure pat- 
tern PT2G has a maximum back pressure command 
value which is lower than that of the second medium 
back pressure pattern PT2M. 

[0061] Similarly, the third medium back pressure pat- 
tern PT3M illustrated in Fig. 1 1 corresponds to the third 
back pressure pattern PT3 illustrated in Fig. 7. The third 
abrupt back pressure pattern PT3A has a maximum 
back pressure command value which is higher than that 
of the third medium back pressure pattern PT3M. The 
third gentle back pressure pattern PT3G has a maxi- 
mum back pressure command value which is lower than 
that of the third medium back pressure pattern PT3M. 
[0062] Each of the first through the third abrupt back 
pressure patterns PT1 A, PT2A, and PT3A has the first 
mountain-shaped portion. Likewise, each of the first 
through the third medium back pressure pattern PT1M, 
PT2M, and PT3M has the second mountain-shaped 
portion. Similarly, each of the first through the third gen- 
tle back pressure pattern PT1G, PT2G, and PT3G has- 
the third mountain -shaped portion. 
[0063] For example, the sharpness selecting section 
43 may select the first sharpness as the selected sharp- 
ness and the level setting section 41 sets a low back 
pressure control level. In this event, the determining 
section 42A produces or prepares the pattern signal 
indicative of the first abrupt back pressure pattern PT1 A 
as illustrated in Fig. 9. As another example, the sharp- 
ness selecting section 43 may select the second sharp- 
ness as the selected sharpness and the level setting 
section 41 sets a medium back pressure control level. 
Under the circumstances, the determining section 42A 
produces or prepares the pattern signal indicative of the 
second medium back pressure pattern PT2M as illus- 
trated in Fig. 10. As a further example, the sharpness 
selecting section 43 may select the third sharpness as 
the selected sharpness and the level setting section 41 
sets a high back pressure control level. In this event, the 
determining section 42A produces or prepares the pat- 
tern signal indicative of the third gentle back pressure 
pattern PT3G as illustrated in Fig. 1 1 . 
[0064] As described above, the determining section 
42A may produce or prepare the pattern signal indica- 
tive of the back pressure pattern having one selected 
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from the first through the third mountain -shaped por- 
tions. This is because consideration should be given to 
a special characteristic of the resin to be molded. 
[0065] Specifically, attention will be directed to resin 
such as polyamide where a racing phenomenon easily 
occurs in the screw 20. In this event, it is necessary for 
such resin to make the back pressure pattern abrupt, 
like in PT1 A, PT2A, and PT3 A, which has a relatively 
abrupt transition from the start low back pressure com- 
mand value as it approaches the maximum back pres- 
sure command value at the leading divided stroke 
region L2 and which has an abrupt slope with the retreat 
of the screw 20 at the intermediate divided stroke region 
L3. Attention will be directed to resin such as acryloni- 
trile butadiene styrene resin (ABS), polycarbonate, 
olefinic resin such as polypropylene, polyethylene, and 
polystyrene. Under the circumstances, it is necessary 
for such resin to make the back pressure pattern gentle, 
like in PT1G, PT2G, and PT3G, which has a relatively 
gentle transition from the start low back pressure com- 
mand value as it approaches the maximum back pres- 
sure command value at the leading divided stroke 
region L2 and which has a gentle slope with the retreat 
of the screw 20 at the intermediate divided stroke region 
L3. Attention will be directed to resin such as poly buty- 
lene ierepnthalaie (PBT) resin. In ihis event, it is neces- 
sary for such resin to make the back pressure pattern 
medium, like in PT1M, PT2M, and PT3M, which has a 
medium transition from the start low back pressure 
command value as it approaches the maximum back 
pressure command value at the leading divided stroke 
region l_2 and which has a medium slope with the 
retreat of the screw 20 at the intermediate divided 
stroke region L3. 

[0066] Comparison will be made among the first 
abrupt back pressure pattern PT1A, the second 
medium back pressure pattern PT2M, and the third gen- 
tle back pressure pattern PT3G. The first abrupt back 
pressure pattern PT1 A has the smallest peak value and 
the sharpest peak shape while the third gentle back 
pressure pattern PT3G has the largest peak value and 
the dullest peak shape. In addition, the second medium 
back pressure pattern PT2M has a middle peak value 
and a peak shape having an average sharpness. 
[0067] Responsive to the back pressure control level 
set by the level setting section 41 . the mountain-shaped 
portion of the back pressure pattern selected by the 
sharpness selecting section 43 shifts up and down 
along the ordinate. For this purpose, the determining 
section 42A includes a memory 421 A for preliminarily 
storing the first through the third mountain -shaped por- 
tions of the back pressure pattern as three standard 
configurations. 

[0068] Now, the description will proceed to operation 
of the back pressure control apparatus illustrated in Fig. 
8. An operator first operates the level setting section 41 
to make the level setting section 41 set the back pres- 
sure control level and operates the sharpness selecting 



section 43 to make the sharpness selecting section 43 
select one of the first through the third sharpnesses as 
the selected sharpness in accordance with the resin to 
be molded. The level set signal indicative of the back 

5 pressure control level and the sharpness selected sig- 
nal indicative of the selected sharpness are supplied to 
the determining section 42A. Responsive to the sharp- 
ness selected signal, the determining section 42A 
determines, on the basis of the back pressure control 

io level, as a selected back pressure pattern, one of the 
back pressure patterns as illustrated in Figs. 9 through 
1 1 that has a selected mountain-shaped portion corre- 
sponding to the selected sharpness. The determining 
section 42A produces the pattern signal indicative of the 

is selected back pressure pattern. The pattern signal is 
supplied to the controller 26. The controller 26 is also 
supplied with the screw position detected signal indica- 
tive of the screw retreat position from the screw position 
detector 27 through the amplifier 28 and with the pres- 
to sure detected signal indicative of the back pressure 
detected value from the back pressure detector 18 
through the amplifier 25. Responsive to the screw 
retreat position indicated by the screw position detected 
signal, the controller 26 carries out back pressure con- 

25 trol so that the back pressure detected value coincides 
with the variable back pressure command value indi- 
cated by the selected back pressure pattern that corre- 
sponds to the screw retreat position. Specifically, the 
controller 26 recognizes a current screw retreat position 

3 o from the screw position detected signal detected by the 
screw position detector 27 after the screw 20 begins to 
rotate. Subsequently, the controller 26 compares the 
back pressure detected value with a current back pres- 
sure command value in the pattern signal that corre- 

35 sponds to the current screw retreat position to obtain a 
current pressure difference between the back pressure 
detected value and the current back pressure command 
value. Thereafter, the controller 26 controls a current or 
an output torque of the injection servomotor 1 1 via the 

40 motor driver 30 so that the current pressure difference 
becomes zero or becomes approximately zero. 
[0069] As is described in conjunction with Fig. 3, in the 
conventional back pressure control method, the opera- 
tor must set three fixed back pressure command values: 

45 the first fixed back pressure command value P1 imme- 
diately after start of screw rotation in a plasticization and 
metering process, the third fixed back pressure com- 
mand value P3 immediately before completion of the 
plasticization and metering process, and the second 

so fixed back pressure command value P2 during a normal 
plasticization and metering process. Preferably, the 
operator must set four fixed back pressure control val- 
ues as illustrated in a broken line of Fig. 3. In addition, 
as regards a combination of a plurality of fixed back 

55 pressure command values and switching positions ther- 
ebetween, the operator is required to have experience 
as to how the retreat of the screw 20, namely, chewing 
and kneading goes smoothly. 
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[0070] In contrast to this, in the back pressure control 
apparatus according to the second embodiment of this 
invention, the operator may set only one back pressure 
control level by means of the level setting section 41 and 
may select one of the first through the third sharpnesses 5 
by means of the sharpness selecting section 43 and 
then the selected back pressure pattern is automatically 
determined or prepared by the determining section 42A. 
In this event, the operator may first set the back pres- 
sure control level rather low and subsequently may raise 
the back pressure control level in consideration of con- 
ditions of the retreat of the screw 20, states of gas dis- 
charged from the molten resin in the nose portion of the 
heating cylinder 21, or color of the molten resin. Such 
work is extremely easy in comparison with conventional 
setting work for the combination of the fixed back pres- 
sure command values and the switching positions ther- 
ebetween and a high level of skill thereof is not 
necessary. 

[0071] Incidentally, the back pressure pattern pro- 
duced by the determining section 42A is displayed on a 
display screen of a display device (not shown). In this 
event, by means of a well-known arrangement such as 
a light pen, a sharpness of the back pressure pattern 
displayed on the display screen may be optionally mod- 
ified. 

[0072] Referring to Fig. 12. the description will pro- 
ceed to a back pressure control apparatus according to 
a third embodiment of this invention. The illustrated 
back pressure control apparatus is similar in structure 
and operation to that illustrated in Fig. 4 except for the 
back pressure control apparatus comprises a combina- 
tion of a clock generator 44 and a counter 45 in lieu of a 
combination of the screw position detector 27 and the 
amplifier 28 and the determining section and the con- 
troller are modified from those illustrated in Fig. 4 as will 
later become clear. The determining section and the 
controller are therefore depicted at 42B and 26A. 
[0073] The clock generator 44 generates a clock sig- 
nal which is supplied to the counter 45. The counter 45 
is reset or initialized to zero in response to a reset signal 
from the controller 26A. The reset signal is produced by 
controller 26A on the start of the screw rotation. The 
counter 45 carries out a counting operation in synchro- 
nism with the clock signal to produce a time instant sig- 
nal indicative of a screw retreat time instant. That is, a 
combination of the clock generator 44 and the counter 
45 serves as a screw retreat time instant generator for 
generating the time instant signal indicative of the screw 
retreat time instant. The time instant signal is supplied 
to the controller 26 A. 

[0074] Set by the level setting section 41, the level set 
signal indicative of the back pressure control level is 
supplied to the determining section 42B. In the manner 
which will become clear as the description proceeds, 
the determining section 42B determines, on the basis of 
the back pressure control level, a back pressure pattern 
having a variable back pressure command value which 



continuously changes with respect to time. The deter- 
mining section 42B produces a pattern signal indicative 
of the back pressure pattern. The pattern signal is sup- 
plied to the controller 26A. At any rate, a combination of 
the level selling section 41 and the determining section 
42B acts as a back pressure pattern preparing unit for 
preparing the back pressure pattern with respect to 
time. 

[0075] The controller 26A is supplied with the back 
pressure detected signal indicative of the back pressure 
detected value from the back pressure detector 18 
through the amplifier 25. Responsive to the back pres- 
sure detected signal and the time instant signal, the 
controller 26A carries out back pressure control in 
accordance with the pattern signal by means of control- 
ling the injection servomotor 1 1 via the motor driver 30. 
[0076] Referring to Figs. 13,14, and 15 in addition to 
Fig. 12, the description will proceed to back pressure 
patterns produced by the determining section 42B. In 
Figs. 13 through 15, the abscissa and the ordinate rep- 
resent the screw retreat time instant and the back pres- 
sure, respectively. Fig. 13 shows a first back pressure 
pattern PT1 when the back pressure control level set by 
the level setting section 41 is low. Fig. 14 shows a sec- 
ond back pressure pattern PT2 when the back pressure 
control level set by the level setting section 41 is 
medium. Fig. 15 shows a third back pressure pattern 
PT3 when the back pressure control level set by the 
level setting section 41 is high. 
[0077] In Figs. 1 3 through 15, each of the first through 
the third back pressure patterns PT1 , PT2, and PT3 is 
defined by the screw retreat time instant between the 
start of the screw rotation and the stop of the screw rota- 
tion. Specifically, between the screw retreat time instant 
corresponding to the start of the screw rotation and the 
screw retreat time instant corresponding to the stop of 
the screw rotation, a screw movement time interval is 
represented by T. The screw movement time interval T 
is divided into a plurality of divided time durations as a 
unit of T/10 which is one-tenth as large as the screw 
movement time interval T. 

[0078] In the example being illustrated, the screw 
movement time interval T is divided into first through 
fifth divided time durations T1, T2, T3, T4, and T5 in the 
order in which the screw retreat time instant is shifted 
from a start time instant for the start of the screw rota- 
tion to a stop time instant for the stop of the screw rota- 
tion. Each of the first and the fifth divided time durations 
T1 and T5 has a time interval T/10 which is one-tenths 
as large as the screw movement time interval L. The 
first divided time duration T1 is called a start divided 
time duration while the frfth divided time duration T5 is 
called a final divided time duration. Each of the second 
and the fourth divided time durations T2 and T4 has a 
time interval 2T/10 which is two-tenths as large as the 
screw movement time interval L. The second divided 
time duration T2 is referred to as a leading divided time 
duration while the fourth divided time duration T4 is 
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referred to as a trailing divided time duration. The third 
divided time duration T3 has a time interval 4L/1 0 which 
is four-tenths as large as the screw movement time 
interval T. The third divided time duration T3 is called an 
intermediate divided time duration. 
[0079] As illustrated in Figs. 1 3 through 15, at the first 
or the start divided time duration Tl immediately after 
the start of the screw rotation, each of the first through 
the third back pressure patterns PT1 , PT2, and PT3 has 
a variable back pressure command value which shifts 
from a zero back pressure command value to a start low 
back pressure command value. At the second or the 
leading divided time duration T2, each of the first 
through the third back pressure patterns PT1 , PT2, and 
PT3 has a variable back pressure command value 
which rises from the start low back pressure command 
value up to a maximum back pressure command value. 
At the third or the intermediate divided time duration T3, 
each of the first through the third back pressure patterns 
PT1 , PT2, and PT3 has a variable back pressure com- 
mand value which gently falls from the maximum back 
pressure commend value to a medium back pressure 
command value. At the fourth or the trailing divided time 
duration T4, each of the first through the third back pres- 
sure patterns PT1. PT2, and PT3 has a variable back 
pressure command value which reiaiiveiy abrupiiy iaiis 
from the medium back pressure command value to a 
final low back pressure command value. At the fifth or 
the final divided time duration T5, each of the first 
through the third back pressure patterns PT1 , PT2, and 
PT3 has a variable back pressure command value 
which shifts from the final low back pressure command 
value to a zero back pressure command value. 
[0080] As a result, it is possible to obtain the back 
pressure pattern having the variable back pressure 
command value which continuously changes with the 
back pressure command value related to the screw 
retreat time instant with a one-to-one correspondence. 
[0081] As shown in Figs. 13 through 15, each of the 
first through the third back pressure patterns PTi, PT2, 
and PT3 has a mountain-shaped portion except for por- 
tions corresponding to the first and the final divided time 
durations T1 and T5. Responsive to the back pressure 
control level set by the level setting section 41, the 
mountain-shaped portion of the back pressure pattern 
shifts up and down along the ordinate. For this purpose, 
the determining section 42B includes a memory 42 1B 
for preliminarily storing the mountain-shaped portion of 
the back pressure pattern as a standard configuration. 
[0082] Now, the description will proceed to operation 
of the back pressure control apparatus illustrated in Fig. 
12. An operator first operates the level setting section 
41 to make the level setting section 41 set the back 
pressure control level. The level set signal indicative of 
the back pressure control level is supplied to the deter- 
mining section 42B. Responsive to the level set signal, 
the determining section 42B determines, on the basis of 
the back pressure control level, the back pressure pat- 



tern as illustrated in Figs. 13 through 15 to produce the 
pattern signal indicative of the back pressure pattern. 
The controller 26A is also supplied with the time instant 
signal indicative of the screw retreat time instant from 

5 the counter 45 and with the pressure detected signal 
indicative of the back pressure detected value from the 
back pressure detector 18 through the amplifier 25. 
Responsive to the screw retreat time instant indicated 
by the time instant signal, the controller 26A carries out 

w back -pressure control so that the back pressure 
detected value coincides with the variable back pres- 
sure command value indicated by the back pressure 
pattern that corresponds to the screw retreat time 
instant. 

15 [0083] Specifically, the controller 26A recognizes a 
current screw retreat time instant from the time instant 
signal produced by the counter 45 after the screw 20 
begins to rotate. Subsequently, the controller 26A com- 
pares the back pressure detected value with a current 

20 back pressure command value in the pattern signal that 
corresponds to. the current screw retreat time instant to 
obtain a current pressure difference between the back 
pressure detected value and the current back pressure 
command value. Thereafter, the controller 26 A controls 

25 a current or an output torque of the injection servomotor 
i i via the motor driver 30 so thai ihe current pressure 
difference becomes zero or becomes approximately 
zero. 

[0084] In addition, as described above, the back pres- 

30 sure pattern has the final low back pressure command 
value at the fifth or the final divided time duration T5. As 
a result, although the rotation speed of the screw 20 
decreases at the fifth or the final divided time duration 
T5, the screw retreat is not changeable and the screw 

35 20 does not race at this position. Although the first 
through the fifth divided time durations T1 to T5 have 
time intervals which are one-tenths, two-tenths, four- 
tenths, two-tenths, and one-tenths as large as the screw 
movement time interval T, respectively, in the above - 

40 mentioned embodiment, each of the first through the 
fifth divided time durations T1 to T5 may have a time 
interval which is suitably selected. 
[0085] As is described in conjunction with Fig .'3, in the 
conventional back pressure control method, the opera- 

45 tor must set three fixed back pressure command values: 
the first fixed back pressure command value P1 imme- 
diately after start of screw rotation in a plasticization and 
metering process, the third fixed back .pressure com- 
mand value P3 immediately before completion of the 

so plasticization and metering process, and the second 
fixed back pressure command value P2 during a normal 
plasticization and metering process. Preferably, the 
operator must set four fixed back pressure control val- 
ues as illustrated in a broken line of Fig. Z. In addition, 

55 as regards a combination of a plurality of fixed back 
pressure command values and switching positions ther- 
ebetween, the operator is required to have experience 
as to how the retreat of the screw 20, namely, chewing 
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and kneading goes smoothly. 
[0086] In contrast to this, in the back pressure control 
apparatus according to the third embodiment of this 
invention, the operator may set only one back pressure 
control level by means of the level setting section 41 and 
then the back pressure pattern is automatically calcu- 
lated or prepared by the determining section 42B. In this 
event, the operator may first set the back pressure con- 
trol level rather low and subsequently may rise the back 
pressure control level in consideration of conditions of 
the retreat of the screw 20, states of gas discharged 
from the molten resin in the nose portion of the heating 
cylinder 21, or color of the molten resin. Such work is 
extremely easy in comparison with conventional setting 
work for the. combination of the fixed back pressure 
command values and the switching positions therebe- 
tween and a high level of skill thereof is not necessary. 
[0087] The back pressure control apparatus illustrated 
in Fig. 12 prepares or produces the back pressure pat- 
tern having only one mountain-shaped portion. That is, 
the back pressure pattern has only one type of moun- 
tain-shaped portion. However, the backpressure control 
apparatus preferably may prepare or produce the back 
pressure pattern having one selected from a plurality of 
mountain -shaped portions in the manner which will 
presently be described. In other words, the back pres- 
sure pattern may have two or more types of mountain- 
shaped portions. 

[0088] Referring to Fig. 16, the description will pro- 
ceed to a back pressure control apparatus according to 
a fourth embodiment of this invention. The illustrated 
back pressure control apparatus is similar in structure 
and operation to that illustrated in Fig. 1 2 except that the 
back pressure control apparatus further comprises the 
sharpness selecting section 43 and the determining 
section is modified from that illustrated in Fig. 12 as will 
later become clear. The determining section is therefore 
depicted at 42C. 

[0089] Responsive to the sharpness selected signal 
supplied from the sharpness selecting section 43, the 
determining section 42C determines, on the basis of the 
back pressure control level, a back pressure pattern 
having a variable back pressure command value which 
continuously changes with respect to the screw retreat 
time instant in the manner which will become clear as 
the description proceeds. The determining section 42C 
produces a pattern signal indicative of the back pres- 
sure pattern. The pattern signal is supplied to the con- 
troller 26A. At any rate, a combination of the level 
setting section 41, the sharpness selecting section 43, 
and the determining section 42C serves as a back pres- 
sure pattern preparing unit for preparing the back pres- 
sure pattern with respect to time. 
[0090] Responsive to the back pressure detected sig- 
nal and the time instant signal, the controller 26A car- 
ries out back pressure control in accordance with the 
pattern signal by means of controlling the injection ser- 
vomotor 1 1 via the motor driver 30. 



[0091] Referring to Figs. 17, 18, and 19 in addition to 
Fig. 16, the description will proceed to back pressure 
patterns produced by the determining section 42C. In 
Figs. 17 through 19, the abscissa and the ordinate rep- 

5 resent the screw retreat position and the back pressure, 
respectively Fig. 1 7 shows three first back pressure pat- 
terns: a first abrupt back pressure pattern PT1A; a first 
medium back pressure pattern PT1M; and a first gentle 
back pressure pattern PT1G when the back pressure 

io control level set by the level setting section 41 is rela- 
tively low. Fig. 18 shows three second back pressure 
patterns: a second abrupt back pressure pattern PT2A; 
a second medium back pressure pattern PT2M; and a 
second gentle back pressure pattern PT2G when the 

is back pressure control level set by the level setting sec- 
tion 41 is medium. Fig. 19 shows three third back pres- 
sure patterns: a third abrupt back pressure pattern 
PT3A; a third medium back pressure pattern PT3M; and 
a third gentle back pressure pattern PT3 when the back 

20 pressure control level set by the level setting section 41 
is relatively high. 

[0092] As shown in Fig. 17, the first medium back 
pressure pattern PT1M corresponds to the first back 
pressure pattern PT1 illustrated in Fig. 13. The first 

25 abrupt back pressure pattern PTlA has a maximum 
back pressure command vaiue which is higher than that 
of the first medium back pressure pattern PTlM. The 
first gentle back pressure pattern PT1G has a maximum 
back pressure command value which is lower than that 

30 of the first medium back pressure pattern PT1 M. 

[0093] Likewise, the second medium back pressure 
pattern PT2M illustrated in Fig. 18 corresponds to the 
second back pressure pattern PT2 illustrated in Fig. 14. 
The second abrupt back pressure pattern PT2A has a 

35 maximum back pressure command value which is 
higher than that of the second medium back pressure 
pattern PT2M. The second gentle back pressure pat- 
tern PT2G has a maximum back pressure command 
value which is lower than that of the second medium 

40 back pressure pattern PT2M. 

[0094] Similarly, the third medium back pressure pat- 
tern PT3M illustrated in Fig. 1 9 corresponds to the third 
back pressure pattern PT3 illustrated in Fig. 15. The 
third abrupt back pressure pattern PT3A has a maxi- 

45 mum back pressure command value which is higher 
than that of the third medium back pressure pattern 
PT3M. The third gentle back pressure pattern PT3G 
has a maximum back pressure command value which is 
lower than that of the third medium back pressure pat- 
so tern PT3M. 

[0095] Each of the first through the third abrupt back 
pressure pattern PT1A, PT2A, and PT3A has the first 
mountain-shaped portion. Likewise, each of the first 
through the third medium back pressure pattern PT1M, 

55 PT2M, and PT3M has the second mountain-shaped 
portion. Similarly, each of the first through the third gen- 
tle back pressure pattern PT1G, PT2G, and PT3G has 
the third mountain-shaped portion. 
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[0096] It will be assumed that the sharpness selecting 
section 43 selects the first sharpness as the selected 
sharpness and the level setting section 41 sets a low 
back pressure control level. In this event, the determin- 
ing section 42C produces or prepares the pattern signal 
indicative of the first abrupt back pressure pattern PT1 A 
as illustrated in Fig. 17. It will be presumed that the 
sharpness selecting section 43 selects the second 
sharpness as the selected sharpness and the level set* 
ting section 41 sets a medium back pressure control 
level. Under the circumstances, the determining section 
42C produces or prepares the pattern signal indicative 
of the second medium back pressure pattern PT2M as 
illustrated in Fig. 18. It will be assumed that the sharp- 
ness selecting section 43 selects the third sharpness as 
the selected sharpness and the level setting section 41 
sets a high back pressure control level. In this event, the 
determining section 42C produces or prepares the pat- 
tern signal indicative of the third gentle back pressure 
pattern PT3G as illustrated in Fig. 19. 
[0097] As described above, the determining section 
42C may produce or prepare the pattern signal indica- 
tive of the back pressure pattern having one selected 
from the first through, the third mountain-shaped por- 
tions. This is because consideration should be given to 
a special characteristic of the molten resin to be 
molded. 

[0098] Specifically, attention will be directed to resin 
such as polyamide where a racing phenomenon easily 
occurs in the screw 20. In this event, it is necessary for 
such resin to make the back pressure pattern abrupt, 
like in PT1A, PT2A, and PT3A, which has a relatively 
abrupt transition from the start low back pressure com- 
mand value as it approaches the maximum back pres- 
sure command value at the leading divided time 
duration T2 and which has an abrupt slope with the 
retreat of the screw 20 at the intermediate divided time 
duration T3. Attention will be directed to resin such as 
acrylonitrile butadiene styrene resin (ABS), polycar- 
bonate, olelinic resin such as polypropylene, polyethyl- 
ene, and polystyrene. Under the circumstances, it is 
necessary for such resin to make the back pressure pat- 
tern gentle, like in PT1G, PT2G, and PT3G, which has 
a relatively gentle transition from the start low back 
pressure command value as it approaches the maxi- 
mum back pressure command value at the leading 
divided time duration 12 and which has a gentle slope 
with the retreat of the screw 20 at the intermediate 
divided time duration T3. Attention will be directed to 
resin such as poly butylene terephthalate (PBT) resin. 
In this event, it is necessary for such resin to make the 
back pressure pattern medium, like in PT1M, PT2M, 
and PT3M, which has a medium transition from the start 
low back pressure command value as it approaches the 
maximum back pressure command value at the leading 
divided time duration T2 and which has a medium slope 
with the retreat of the screw 20 at the intermediate 
divided time duration T3. 



[0099] Responsive to the back pressure control level 
set by the level setting section 41, the mountain -shaped 
portion of the back pressure pattern selected by the 
sharpness selecting section 43 shifts up and down 
5 along the ordinate. For this purpose, the determining 
section 42C includes a. memory 421 C for preliminarily 
storing the first through the third mountain-shaped por- 
tions of the back pressure pattern as three standard 
configurations. 

10 [0100] Now, the description will proceed to operation 
of the back pressure control apparatus illustrated in Fig. 
16. An operator first operates the level setting section 
41 to make the level setting section 41 set the back 
pressure control level and operates the sharpness 

is selecting section 43 to make the sharpness selecting 
section 43 select one of the first through the third sharp- 
nesses as the selected sharpness in accordance with 
the resin to be molded. The level set signal indicative of 
the back pressure control level and the sharpness 

20 selected signal indicative of the selected sharpness are 
supplied to the determining section 42C. Responsive to 
the sharpness selected signal, the determining section 
42C determines, on the basis of the back pressure con- 
trol level, as a selected pressure pattern, one of the 

25 back pressure patterns as illustrated in Figs. 17 through 
iy that has a seiectea mouniain-shaped portion corre- 
sponding to the selected sharpness. The determining 
section 42C produces the pattern signal indicative of the 
selected back pressure patterns. The pattern signal is 

so supplied to the controller 26A. The controller 26A is also 
supplied with the time instant signal indicative of the 
screw retreat time instant from the counter 45 and with 
the pressure detected signal indicative of the back pres- 
sure detected value from the back pressure detector 18 

35 through the amplifier 25. Responsive to the screw 
retreat time instant indicated by the time instant signal, 
the controller 26A carries out back pressure control so 
that the back pressure detected value coincides with the 
variable back pressure command value indicated by the 

40 selected back pressure pattern that corresponds to the 
screw retreat time instant Specifically, the controller 
26A recognizes a current screw retreat time instant from 
the time instant signal produced by the counter 45 after 
the screw 20 begins to rotate. Subsequently, the con- 

45 troller 26A compares the back pressure detected value 
with a current back pressure command value in the pat- 
tern signal that corresponds to the current screw retreat 
time instant to obtain a current pressure difference 
between the back pressure detected value and the cur- 
se rent back pressure command value. Thereafter, the 
controller 26A controls a current or an output torque of 
the injection servomotor 11 via the motor driver 30 so 
that the current pressure difference becomes zero or 
becomes approximately zero. 

55 [01 01 ] . As is described in conjunction with Fig. 3, in the 
conventional back pressure control method, the opera- 
tor must set three fixed back pressure command values; 
the first fixed back pressure command value P1 imme- 
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diately after start of screw rotation in a plasticization and 
metering process, the third fixed back pressure com- 
mand value P3 immediately before completion of the 
plasticization and metering process, and the second 
fixed back pressure command value P2 during a normal 
plasticization and metering process. Preferably, the 
operator must set four fixed back pressure control val- 
ues as illustrated in a broken line of Fig. 3. In addition, 
as regards a combination of a plurality of fixed back 
pressure command values and switching positions ther- 
ebetween, the operator is required to have experience 
as to how the retreat of the screw 20, namely, chewing 
and kneading goes smoothly. 

[01 02] In contrast to this, in the back pressure control 
apparatus according to the fourth embodiment of this 
invention, the operator may set only one back pressure 
control level by means of the level setting section 41 and 
may select one of the first through the third sharpnesses 
by means of the sharpness selecting section 43 and 
then the selected back pressure pattern is automatically 
determined or prepared by the determining section 42C. 
In this event, the operator may first set the back pres- 
sure control level rather low and subsequently may raise 
the back pressure control level in consideration of con- 
ditions of the retreat of the screw 20, states of gas dis- 
charged from the molten resin in the nose portion of the 
heating cylinder 21, or color of the molten resin. Such 
work is extremely easy in comparison with conventional 
setting work for the combination of the fixed back pres- 
sure command values and the switching positions ther- 
ebetween and skill thereof is not necessary. 
[0103] Incidentally, the back pressure pattern pro- 
duced by the determining section 420 is displayed on a 
display screen of a display device (not shown). In this 
event, by means of a well-known arrangement such as 
a light pen, a sharpness of the back pressure pattern 
displayed on the display screen may be optionally mod- 
ified. 

[0104] While this invention has thus far been 
described in conjunction with preferred embodiments 
thereof, it will now be readily possible for those skilled in 
the art to put this invention into various other manners. 
Although the destcription is made as regards in a case of 
the motor -driven injection molding machine, the present 
invention may be applicable to a hydraulic injection 
molding machine as illustrated in Fig. 20. 
[0105] As shown in Fig. 20, the hydraulic injection 
molding machine comprises a hydraulic actuator 1 1A in 
place of the servomotor 11 as illustrated in Fig. 1 . The 
hydraulic actuator 1 1 A comprises an injection cylinder 
51 and a piston 52. Driving oil having a controlled flow 
speed or a controlled pressure flows into and flows out 
from the injection cylinder 51 through an inlet/outlet port 
51 -1 . The hydraulic pressure of the injection cylinder 51 - 
is controlled by a pressure control valve which will pres- 
ently be described. 

[0106] Fig. 21 illustrates a back pressure control 
apparatus according to a f rfth embodiment of this inven- 



tion in a case where the back pressure control appara- 
tus is applicable to the hydraulic injection molding 
machine. The illustrated back pressure control appara- 
tus is similar in structure and operation to that illustrated 

5 in Fig. 4 except that the back pressure control apparatus 
comprises a combination of the hydraulic actuator 1 1 A 
and the pressure control valve depicted ad 30A in lieu of 
a combination of the servomotor 1 1 and the motor driver 
30 illustrated in Fig. 4. 

io [0107] Fig. 22 illustrates a back pressure control 
apparatus according to a sixth embodiment of this 
invention in a case where the back pressure control 
apparatus is applicable to the hydraulic injection mold- 
ing machine. The illustrated back pressure control 

is apparatus is similar in structure and operation to that 
illustrated in Fig. 8 except that the back pressure control 
apparatus comprises a combination of the hydraulic 
actuator 11 A and the pressure control valve 30A in 
place of a combination of the servomotor 1 1 and the 

20 motor driver 30 illustrated in Fig. 8. 

[0108] Fig. 23 illustrates a back pressure control 
apparatus according to a seventh embodiment of this 
invention in a case where the back pressure control 
apparatus is applicable to the hydraulic injection mold- 

25 ing machine. The illustrated back pressure control ' 
apparatus is similar in structure and operation to that 
illustrated in Fig. 12 except that the back pressure con- 
trol apparatus comprises a combination of the hydraulic 
actuator 1 1 A and the pressure control valve 30A instead 

30 of a combination of the servomotor 1 1 and the motor 
driver 30 illustrated in Fig. 12. 
[0109] Fig. 24 illustrates a back pressure control 
apparatus according to an eighth embodiment of this 
invention in a case where the back pressure control 

35 apparatus is applicable to the hydraulic injection mold- 
ing machine. The illustrated back pressure control 
apparatus is similar in structure and operation to that 
illustrated in Fig. 16 except that the backpressure con- 
trol apparatus comprises a combination of the hydraulic 

40 actuator 1 1 A and the pressure control valve 30A on 
behalf of a combination of the servomotor 1 1 and the 
motor driver 30 illustrated in Fig. 16. 
[0110] In addition, instead of the load cell, the back 
pressure detector 18 may be a resin pressure detector 

45 disposed on the head portion 20-4 (Fig. 2) of the screw 
20. Furthermore, although the description is made as 
regards in a case where the back pressure pattern has, 
as the mountain-shaped portions, three types of stand- 
ard configurations, the back pressure pattern may have, 

so as the mountain-shaped portions, four or more types of 
standard configurations. 

[0111] Determining sections 42, 42A, 42B and 42C 
may be any computer. This computer, for example, may 
include a microprocessor, a non- volatile memory (for 
55 example, a ROM or a hard disk drive) for storage of a 
program to carry out the calculation or selection of the 
above-noted patterns and a volatile memory (for exam- 
ple, RAM) to temporary store the program(s) and data. 
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Further, while the figures illustrate the determining sec- 
tion as being separate from the controller, the determin- 
ing section and controller may be embodied in a single 
computer. 

[01 1 2] Level setting section 41 and sharpness select- 5 
ing section 43 can be any type of computer input device. 
[01 1 3] Controllers 26 and 26A can be any type of well 
known controller suitable for the controls described 
herein, as will be apparent to those skilled in the art. 
Alternatively, controllers 26 and 26A can be embodied 
in a computer. 

[0114] According to its broadest aspect the invention 
relates to a method of controlling back pressure in an 
injection molding machine including an injection device 
having a heating cylinder (21) for heating resin powder 
therein to melt the resin powder into molten resin, a 
screw (20) disposed in said heating cylinder for feeding 
the molten resin in said heating cylinder forward to 
meter the molten resin, and an injection actuator (11, 
1 1 A) operatively coupled to said screw for driving said 
screw along an axial direction to inject the molten resin 
metered in said heating cylinder forward, wherein said 
method comprises the steps of: selecting (41) a back 
pressure control level; determining (42, 42A), on the 
basis of the back pressure control level, a back pressure 
pattern. 

[0115] It should be noted that the objects and advan- 
tages of the invention may be attained by means of any 
compatible combination(s) particularly pointed out in 
the items of the following summary of the invention and 
the appended claims. 

SUMMARY OF THE INVENTION 

[0116] 

1 . A method of controlling back pressure in an injec- 
tion molding machine including an injection device 
having a heating cylinder (21 ) for heating resin pow- 
der therein to melt the resin powder into molten 
resin, a screw (20) disposed in said heating cylinder 
for feeding the molten resin in said heating cylinder 
forward to meter the molten resin, and an injection 
actuator (11, 11 A) operatively coupled to said 
screw for driving said screw along an axial direction 
to inject the molten resin metered in said heating 
cylinder forward, characterised in that said method 
comprises the steps of: 

selecting (41) a back pressure control level; 
determining (42, 42A). on the basis of the back 
pressure control level, a back pressure pattern 
having a variable back pressure command 
value which continuously changes with respect 
to a retreat position of said screw at least at a 
maximum backpressure command value; and 
controlling (26) said back pressure in accord- 
ance with the back pressure pattern. 



2. A method characterised in that said injection 
molding machine comprises a motor-driven injec- 
tion molding machine including an injection motor 
(11) as said injection actuator, the controlling of 
said back pressure being carried out by controlling 
a current of said injection motor. 

3. A method characterised in that said injection 
molding machine comprises a motor-driven injec- 
tion molding machine including an injection motor 



io (11) as said injection actuator, the controlling of 
said back pressure being carried out by controlling 
an output torque of said injection motor. 

4. A method characterised in that said injection 
molding machine comprises a hydraulic injection 

15 molding machine including a hydraulic actuator 
(11 A) as said injection actuator, the controlling of 
said back pressure being carried out by controlling 
hydraulic pressure of said hydraulic actuator. 

5. A method characterised in that said back pres- 
20 sure pattern is defined by the retreat position of said 

screw in a screw movement stroke (L) between a 
start of rotation of said screw and a stop of rotation 
of said screw, said screw movement stroke being 
divided into a first divided stroke regio (L1), a lead- 
25. . ing divided stroke region (L2), an intermediate 
divided stroke region (L3), a trailing divided stroke 
region (L4), and a final divided stroke region (L5), 
said back pressure pattern having the variable back 
pressure command value which shifts from a zero 
30 back pressure command value to a start low back 
pressure command value at the first divided stroke 
region, rises from the start low back pressure com- 
mand value to a maximum backpressure command 
value with a predetermined sharpness at the lead- 
35 ing divided stroke region, falls relatively gently from 
the maximum back pressure command value to a 
medium back pressure command value at the inter- 
mediate divided stroke region, falls relatively 
abruptly from the medium back pressure command 
40 value to a final low back pressure command value 
at the trailing divided stroke region, and shifts from 
the final low back pressure command value to the 
zero back pressure command value "at the final 
divided stroke region. 
45 6. A method characterised in that the predeter- 
mined sharpness is one selected (43) from a plural- 
ity of sharpnesses. 

7. A method of preparing a back pressure pattern 
for controlling back pressure in an injection molding 
so machine including an injection device having a 
heating cylinder (21) for heating resin powder 
therein to melt the resin powder into molten resin 
and a screw (20) disposed in said heating cylinder 
for feeding the molten resin in said heating cylinder 
55 forward to meter the molten resin, characterised in 
that method comprising the steps of: 

selecting (41) a back pressure control level; 
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and 

determining (42, 42A), on the basis of the back 
pressure control level, the back pressure pat- 
tern having a variable back pressure command 
value which continuously changes with respect 5 
to a retreat position of said screw at least at a 
maximum back pressure command value to 
prepare the back pressure pattern. 

8. A method characterised in that said back pres- io 
sure pattern is defined by the retreat position of said 
screw in a screw movement stroke (L) between a 
start of rotation of said screw and a stop of rotation 

of said screw, said screw movement stroke being 
divided into a first divided stroke region (L1 ), a lead- is 
ing divided stroke region (L2), an intermediate 
divided stroke region (L3), a trailing divided stroke 
region (L4), and a final divided stroke region (L5), 
said back pressure pattern having the variable back 
pressure command value which shifts from a zero 20 
back pressure command value to a start low back 
pressure command value at the first divided stroke 
region, rises from the start low back pressure com- 
mand value to a maximum back pressure command 
value with a predetermined sharpness at the lead- 25 
ing divided stroke region, falls relatively gently from 
the maximum back pressure command value to a 
medium back pressure command value at the inter- 
mediate divided stroke region, falls relatively 
abruptly from the medium back pressure command 30 
value to a final low back pressure command value 
at the trailing divided stroke region, and shifts from 
the final low back' pressure command value to the 
zero back pressure command value at the final 
divided stroke region. . 35 

9. A method characterised in that the predeter- 
mined sharpness is one selected (43) from a plural- 
ity of sharpnesses. 

10. A method of controlling back pressure in an 
injection molding machine including an injection 40 
device having a heating cylinder (21) for heating 
resin powder therein to melt the resin powder into 
molten resin, a screw (20) disposed in said heating 
cylinder for feeding the molten resin in said heating 
cylinder forward to meter the molten resin, and an 45 
injection actuator (11, 11 A) operatively coupled to 
said screw for driving said screw along an axial 
direction to inject the molten resin metered in said 
heating cylinder forward, characterised in that said 
method comprises the steps of: so 

selecting (41) a back pressure control level; 
determining (42 B, 42C), on the basis of the 
back pressure control level, a back pressure 
pattern having a variable back pressure com- 55 
mand value which continuously changes with 
respect to time at least at a maximum back 
pressure command value; and 



controlling (26A) said back pressure in accord- 
ance with the back pressure pattern. 

11. A method characterised in that said injection 
molding machine comprises a motor-driven injec- 
tion molding machine including an injection motor 
(11) as said injection actuator, the controlling of 
said back pressure being carried out by controlling 
a current of said injection motor. 

12. A method characterised in that said injection 
molding machine comprises a motor-driven injec- 
tion molding machine including an injection motor 
(11) as said injection actuator, the controlling of 
said back pressure being carried out by controlling 
an output torque of said injection motor. 

13. A method characterised in that said injection 
molding machine comprises a hydraulic injection 
molding machine including a hydraulic actuator 
(11 A) as said injection actuator, the controlling of 
said back pressure being carried out by controlling 
hydraulic pressure of said hydraulic actuator. 

14. A method characterised in that said back pres- 
sure pattern is defined by the retreat time instant of 
said screw in a screw movement time interval (T) 
between a start of rotation of said screw and a stop 
of rotation ol said screw, said screw movement time 
interval being divided into a first divided time dura- 
tion (T1), a leading divided time duration (T2), an 
intermediate divided time duration (T3), a trailing 
divided time duration (T4), and a final divided time 
duration (T5), said back pressure pattern having 
the variable back pressure command value which 
shifts from a zero back pressure command value to 
a start low back pressure command value at the 
first divided time duration ..rises from the start low 
back pressure command value to a maximum back 
pressure command value with a predetermined 
sharpness at the leading divided time duration, falls 
relatively gently from the maximum back pressure 
command value to a medium back pressure com- 
mand value at the intermediate divided time dura- 
tion, falls relatively abruptly from the medium back 
pressure command value to a final low back pres- 
sure command value at the trailing divided time 
duration, and shifts from the final low back pressure 
command value to the zero back pressure com- 
mand value at the final divided time duration. 

15. A method characterised in that the predeter- 
mined sharpness is one selected (43) from a plural- 
ity of sharpnesses. 

1 6. A method of preparing a back pressure pattern 
for controlling back pressure in an injection molding 
machine including an injection device having a 
heating cylinder (21) for heating resin powder 
therein to melt the resin powder into molten resin 
and a screw (20) disposed in said heating cylinder 
for feeding the molten resin in said heating cylinder 
forward to meter the molten resin, characterised in 
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that said method comprises the steps of: 

selecting (41) a back pressure control level; 
and 

determining (42B, 42C), on the basis of the 5 
back pressure control level, the back pressure 
pattern having a variable back pressure com- 
mand value which continuously changes with 
respect to time at least at a maximum back 
pressure command value to prepare the back w 
pressure pattern. 

1 7. A method wherein said back pressure pattern is 
defined by the retreat time instant of said screw in a 
screw movement time interval (T) between a start is 
of rotation of said screw and a stop of rotation of 
said screw, said screw movement time interval 
being divided into a first divided time duration (T1), 

a leading divided time duration (T2), an intermedi- 
ate divided time duration (T3), a trailing divided time 20 
duration (T4), and a final divided time duration (T5), 
said back pressure pattern having the variable back 
pressure command value which shifts from a zero 
back pressure command value to a start low back 
pressure command value at the first divided-time 25 
duration; rises from the start low back pressure 
command value to a maximum back pressure com- 
mand value with a predetermined sharpness at the 
leading divided time duration, falls relatively gently 
from the maximum back pressure command value 30 
to a medium back pressure command value at the 
intermediate divided time duration, falls relatively 
abruptly from the medium back pressure command 
value to a final low back pressure command value 
at the trailing divided time duration, and shifts from 35 
the final low back pressure command value to the 
zero back pressure command value at the final 
divided time duration. 

18. A method characterised in that the predeter- 
mined sharpness is one selected (43) from a plural- 40 
ity of sharpnesses. 

19. A back pressure control apparatus for control- 
ling back pressure in an injection molding machine 
including an injection device having a heating cylin- 
der (2 1 ) for heating resin powder therein to melt the 45 
resin powder into molten resin, a screw (20) dis- 
posed in said heating cylinder for feeding the mol- 
ten resin in said heating cylinder forward to meter 

the molten resin, and an injection actuator ( 11 , 1 1 A) 
operatively coupled to said screw for driving said so 
screw along an axial direction to inject the molten 
resin metered in said heating cylinder forward, said 
injection device being provided with a back pres- 
sure detector (18) for detecting back pressure of the 
molten resin in said heating cylinder that is metered 55 
ahead of said screw to produce a pressure 
detected signal indicative of a back pressure 
detected value of the back pressure and with a 



screw position detector (27) for detecting a retreat 
position of said screw to produce a screw position 
detected signal indicative of the retreat position of 
said screw, characterised in that said back pressure 
control apparatus comprises: 

level selecting means (41) for selecting a back 
pressure control level and for outputting a level 
signal indicative of the selected back pressure 
control level; 

determining means (42), connected to said 
level selecting means, for determining, on the 
basis of the selected back pressure control 
level indicated by the level signal, a back pres- 
sure pattern having a variable back pressure 
command value which continuously changes 
with respect to a retreat position of said screw 
at least at a maximum back pressure command 
value, said determining means producing a 
pattern signal indicative of the back pressure 
pattern; and 

a controller (26), connected to said determining 
means, said back pressure detector, and said 
screw position detector, and operatively cou- 
pled to said injection actuator, for controlling, in 
response to the pressure detected signal and 
the screw position detected signal, said back 
pressure in accordance with the back pressure 
pattern by means of said injection actuator. 

20. A back pressure control apparatus said injec- 
tion molding machine including a motor-driven 
injection molding machine having an injection 
motor (1 1) as said injection actuator, characterised 
in that said controller (26) carries out control of said 
back pressure by controlling a current of said injec- 
tion motor. 

21. A back pressure control apparatus said injec- 
tion molding machine including a motor-driven 
injection molding machine having an injection 
motor (1 1) as said injection actuator, characterised 
in that said controller (26) carries out control of said 
back pressure by controlling an output torque of 
said injection motor. 

22. A back pressure control apparatus said injec- 
tion molding machine including a hydraulic injection 
molding machine having a hydraulic actuator (1 1 A) 
as said injection actuator, characterised in that said 
controller (26) carries out control of said back pres- 
sure by controlling hydraulic pressure of said 
hydraulic actuator. 

23. A back pressure control apparatus character- 
ised in that said back pressure pattern is defined by 
the retreat position of said screw in a screw move- 
ment stroke (L) between a start of rotation of said 
screw and a stop of rotation of said screw, said 
screw movement stroke being divided into a first 
divided stroke region (L1), a leading divided stroke 
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region (L2), an intermediate divided stroke region 
(L3). a trailing divided stroke region (L4), and a final 
divided stroke region (L5), said determining means 
(42) determining the back pressure pattern having 
the variable back pressure command value which 5 
shifts from a zero back pressure command value to 
a start low back pressure command value at the 
first divided stroke region, rises from the start low 
back pressure command value to a maximum back 
pressure command value with a predetermined w 
sharpness at the leading divided stroke region, falls 
relatively gently from the maximum back pressure 
command value to a medium back pressure com- 
mand value at the intermediate divided stroke 
region, falls relatively abruptly from the medium r5 
back pressure command value to a final low back 
pressure command value at the trailing divided 
stroke region, and shifts from the final low back 
pressure command value to the zero back pressure 
command value at the final divided stroke region. 20 
24. A back pressure control apparatus for control- 
ling back pressure in an injection molding machine 
including an injection device having a heating cylin- 
der (21 ) for heating resin powder therein to melt the 
resin powder into molten resin, a screw (20) dis- 25 
posed in said heating cylinder for feeding the mol- 
ten resin in said heating cylinder forward to meter 
the molten resin, and an injection actuator (11, 1 1 A) 
operatively coupled to said screw for driving said 
screw along an axial direction to inject the molten 30 
resin metered in said heating cylinder forward, said 
injection device being provided with a back pres- 
sure detector (18) for detecting back pressure of the 
molten resiri in said heating cylinder that is metered 
ahead of said screw to produce a pressure 35 
detected signal indicative of a back pressure 
detected value of the back pressure and with a 
screw position detector (27) for detecting a retreat 
position of said screw to produce a screw position 
detected signal indicative of the retreat position of 40 
said screw, characterised in that said back pressure 
control apparatus comprises: 

level selecting means (41) for selecting a back 
pressure control level and for outputting a level 45 
signal indicative of the selected back pressure 
control level; 

sharpness selecting means (43) for selecting, 
as a selected sharpness, one of a plurality of 
sharpnesses in transition up to a maximum so 
back pressure command value; 
determining means (42 A), connected to said 
level selecting means and said sharpness 
selecting means, for determining, on the basis 
of the selected back pressure control level indi- 55 
cated by the level signal, a back pressure pat- 
t m having a variable back pressure command 
value which continuously changes with respect 



to a retreat position of said screw at least at a 
maximum back pressure command value, the 
back pressure pattern having a mountain- 
shaped portion defined by the selected sharp- 
ness, said determining means producing a pat- 
tern signal indicative of the back pressure 
pattern; and 

a controller (26), connected to said determining 
means, said back pressure detector, and said 
screw position detector, and operatively cou- 
pled to said injection actuator, for controlling, in 
response to the pressure detected signal and 
the screw position detected signal, said back 
pressure in accordance with the back pressure 
pattern by means of said injection actuator. 

25. A back pressure control apparatus said injec- 
tion molding machine including a motor-driven 
injection molding machine having an injection 
motor (1 1) as said injection actuator, characterised 
in that said controller (26) carries out control of said 
back pressure by controlling a current of said injec- 
tion motor. 

26. A back pressure control apparatus said injec- 
tion molding machine including a motor-driven 
injection molding machine having an injection 
motor (11) as said injection actuator, characterised 
in that said controller (26) carries out control of said 
back pressure by controlling an output torque of 
said injection motor. 

27. A back pressure control apparatus said injec- 
tion molding machine including a hydraulic injection 
molding machine having a hydraulic actuator (1 1 A) 
as said injection actuator, characterised in that said 
controller (26) carries out control of said back pres- 
sure by controlling hydraulic pressure of said 
hydraulic actuator. 

28. A back pressure control apparatus character- 
ised in that said back pressure pattern is defined by 
the retreat position of said screw in a screw move- 
ment stroke (L) between a start of rotation of said 
screw and a stop of rotation of said screw, said 
screw movement stroke being divided into a first 
divided stroke region (L1), a leading divided stroke 
region (L2), an intermediate divided stroke region 
(L3), a trailing divided stroke region (L4), and a final 
divided stroke region (15), said determining means 
(42A) determining the back pressure pattern having 
the variable back pressure command value which 
shifts from a zero back pressure command value to 
a start low back pressure command value at the 
first divided stroke region, rises from the start low 
back pressure command value to the maximum 
back pressure command value with the selected 
sharpness at the leading divided stroke region, falls 
relatively gently from the maximum back pressure 
command value to a medium back pressure com- 
mand value at the intermediate divided stroke 
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region, falls relatively abruptly from the medium 
back pressure command value to a final low back 
pressure command value at the trailing divided 
stroke region, and shifts from the final low back 
pressure command value to the zero back pressure 5 
command value at the final divided stroke region. 

29. A back pressure pattern preparing unit for pre- 
paring a back pressure pattern for controlling back 
pressure in an injection molding machine including 

an injection device having a heating cylinder (21) w 
for heating resin powder therein to melt the resin 
powder into molten resin and a screw (20) disposed 
in said heating cylinder for feeding the molten resin 
in said heating cylinder forward to meter the molten 
resin, characterised in that back pressure pattern is 
preparing unit comprising : 

level selecting means (41) for selecting a back 
pressure control level and for outputting a level 
signal indicative of the selected back pressure 20 
control level; and 

determining means (42), connected to said 
level selecting means, for determining, on the 
basis of the selected back pressure control 
level indicated by the level signal; the back 25 
pressure pattern having a variable back pres- 
sure command value which continuously 
changes with respect to a retreat position of 
said screw at least at a maximum back pres- 
sure command value, said determining means so 
producing a pattern signal indicative of the 
back pressure pattern. 

30. A back pressure pattern preparing unit charac- 
terised in that said back pressure pattern is defined 35 
by the retreat position of said screw in a screw 
movement stroke (L) between a start of rotation of 
said screw and a stop of rotation of said screw, said 
screw movement stroke being divided into a first 
divided stroke region (L1), a leading divided stroke 40 
region (L2), an intermediate divided stroke region 
(L3), a trailing divided stroke region (L4), and a final 
divided stroke region (L5), said determining means 
determining the back pressure pattern having the 
variable back pressure command value which shifts 45 
from a zero back pressure command value to a 
start low back pressure command value at the first 
divided stroke region, rises from the start low back 
pressure command value to a maximum back pres- 
sure command value with a predetermined sharp- so 
ness at the leading divided stroke region, falls 
relatively gently from the maximum back pressure 
command value to a medium back pressure com- 
mand value at the intermediate divided stroke 
region, falls relatively abruptly from the medium 55 
back pressure command value to a final low back 
pressure command value at the trailing divided 
stroke region, and shifts from the final low back 



pressure command value to the zero back pressure 
command value at the final divided stroke region. 

31. A back pressure pattern preparing unit for pre- 
paring a back pressure pattern for controlling back 
pressure in an injection molding machine including 
an injection device having a heating cylinder (21) 
for heating resin powder therein to melt the resin 
powder into molten resin and a screw (20) disposed 
in said heating cylinder for feeding the molten resin 
in said heating cylinder forward to meter the molten 
resin, said back pressure pattern preparing unit 
comprising: 

level selecting means (41) for selecting a back 
pressure control level and for outputting a level 
signal indicative of the selected back pressure 
control level; 

sharpness selecting means (43) for selecting, 
as a selected sharpness, one of a plurality of 
sharpnesses in transition up to a maximum 
back pressure command value; and 
determining means (42A), connected to said 
level selecting means and said sharpness 
selecting means, for determining, on the basis 
of the selected back pressure control level indi- • 
cated by the level signal, the back pressure 
pattern having a variable back pressure com- 
mand value which continuously changes with 
respect to a retreat position of said screw at 
least at a maximum back pressure command 
value, the back pressure pattern having a. 
mountain-shaped portion defined by the 
selected sharpness, said determining means 
producing a pattern signal indicative of the 
back pressure pattern. 

32. A back pressure pattern preparing unit charac- 
terised in that said back pressure pattern is defined 
by the retreat position of said screw in a screw 
movement stroke (L) between a start of rotation of 
said screw and a stop of rotation of said screw, said 
screw movement stroke being divided into a first 
divided stroke region (L1), a leading divided stroke 
region (l_2), an intermediate divided stroke region 
(L3), a trailing divided stroke region (L4), and a final 
divided stroke region (L5), said determining means 
(42A) determining the back pressure pattern having 
the variable back pressure command value which 
shifts from a zero back pressure command value to 
a start low back pressure command value at the 
first divided stroke region, rises from the start low 
back pressure command value to the maximum 
back pressure command value with the selected 
sharpness at the leading divided stroke region, falls 
relatively gently from the maximum back pressure 
command value to a medium back pressure com- 
mand value at the intermediate divided stroke 
region, falls relatively abruptly from the medium 
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back pressure command value to a final low back 
pressure command value at the trailing divided 
stroke region, and shifts from the final low back 
pressure command value to the zero back pressure 
command value at the final divided stroke region. 5 
33. A back pressure control apparatus for control- 
ling back pressure in an injection molding machine 
including an injection device having a heating cylin- 
der (21) for heating resin powder therein to melt the 
resin powder into molten resin, a screw (20) dis- w 
posed in said heating cylinder for feeding the mol- 
ten resin in said heating cylinder lorward to meter 
the molten resin, and an injection actuator (11, 11 A) 
operatively coupled to said screw for driving said 
screw along an axial direction to inject the molten 15 
resin metered in said heating cylinder forward, said 
injection device being provided with a back pres- 
sure detector ( 1 8) for detecting back pressure of the 
molten resin in said heating cylinder that is metered 
ahead of said screw to produce a pressure 20 
detected signal indicative of a back pressure 
detected value of the back pressure and with a 
screw retreat time instant generator (44, 45) for 
generating a time instant signal indicative of a 
retreat time instant of said screw, characterised in 25 
that said back pressure control apparatus com- 
prises: 

level selecting means (41) for selecting a back 
pressure control level and for outputting a level 30 
signal indicative of the selected back pressure 
control level; 

determining means (42 B), connected to said 
level selecting means, for determining, on the 
basis of the selected back pressure control 35 
level indicated by the level signal, a back pres- 
sure pattern having a variable back pressure 
command value which continuously changes 
with time at least at a maximum back pressure 
command value, and for producing a pattern 40 
signal indicative of the back pressure pattern; 
and 

a controller (26A), connected to said determin- 
ing means, said back pressure detector, and 
said screw retreat time instant generator, and 45 
operatively coupled to said injection actuator, 
for controlling, in response to the pressure 
detected signal and the time instant signal, said 
back pressure in accordance with the back 
pressure pattern by means of said injection so 
actuator, resin powder into molten resin, a 
screw (20) disposed in said heating cylinder for 
feeding the molten resin in said heating cylin- 
der forward to meter the molten resin, and an 
injection actuator ( 1 1 , 1 1 A) operatively coupled 55 
to said screw for driving said screw along an 
axial direction to inject the molten resin 
metered in said heating cylinder forward, said 



injection device being provided with a back 
pressure detector (18) for detecting back pres- 
sure of the molten resin in said heating cylinder 
that is metered ahead of said screw to produce 
a pressure detected signal indicative of a back 
pressure detected value of the back pressure 
and with a screw retreat time instant generator 
(44, 45) for generating a time instant signal 
indicative of a retreat time instant of said screw, 
characterised in that said back pressure control 
apparatus comprises: 

level selecting means (41) for selecting a back 
pressure control level and for outputting a level 
signal indicative of the selected back pressure 
control level; 

determining means (42 B), connected to said 
level selecting means, for determining, on the 
basis of the selected back pressure control 
level indicated by the level signal, a back pres- 
sure pattern having a variable back pressure, 
command value which continuously changes 
with time at least at a maximum back pressure 
command value, and for producing a pattern 
signal indicative of the back pressure pattern; 
and 

a controller (26A). connected to said determin- 
ing means, said back pressure detector, and 
said screw retreat time instant generator, and 
operatively coupled to said injection actuator, 
for controlling, in response to the pressure 
detected signal and the time instant signal, said 
back pressure in accordance with the back 
pressure pattern by means of said injection 
actuator. 

34. A back pressure control apparatus said injec- 
tion molding machine including a motor-driven 
injection molding machine having an injection 
motor (1 1) as said injection actuator, characterised 
in that said controller (26A) carries out control of 
said back pressure by controlling a current of said 
injection motor. 

35. A back pressure control apparatus said injec- 
tion molding machine including a motor-driven 
injection molding machine having an injection 
motor (11) as said injection actuator, characterised 
in that said controller (26A) carries out control of 
said back pressure by controlling an output torque 
of said injection motor. 

36. A back pressure control apparatus said injec- 
tion molding machine including a hydraulic injection 
molding machine having a hydraulic actuator (1 1 A) 
as said injection actuator, wherein said controller 
(26 A) carries out control of said back pressure by 
controlling hydraulic pressure of said hydraulic 
actuator. 

37. A back pressure control apparatus character- 
ised in that said back pressure pattern is defined by 
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the retreat time instant of said screw in a screw 
movement time interval (T) between a start of rota- 
tion of said screw and a stop of rotation of said 
screw, said screw movement time interval being 
divided into a first divided time duration (T1 ), a lead- 5 
ing divided time duration (T2), an intermediate 
divided time duration (T3), a trailing divided time 
duration (T4), and a final divided time duration (T5), 
said determining means (42B) determining the 
back pressure pattern having the variable back 10 
pressure command value which shifts from a zero 
back pressure command value to a start low back 
pressure command value at the first divided time 
duration, rises from the start low back pressure 
command value to the maximum back pressure rs 
command value with a predetermined sharpness at 
the leading divided time duration, falls relatively 
gently from the maximum back pressure command 
value to a medium back pressure command value 
at the intermediate divided time duration, falls rela- 2 o 
tively abruptly from the medium back pressure 
command value to a final low back pressure com- 
mand value at the trailing divided time duration, and 
shifts from the final low back pressure command 
value to the zero back pressure command value at 2 s 
the final divided time duration. 
38. A back pressure control apparatus for control- 
ling back pressure in an injection molding machine 
including an injection device having a heating cylin- 
der (21) for heating resin powder therein to melt the 30 
resin powder into molten resin, a screw (20) dis- 
posed in said heating cylinder for feeding the mol- 
ten resin in said heating cylinder forward to meter 
the molten resin, and an injection actuator (1 1 , 1 1 A) 
operatively coupled to said screw for driving said 35 
screw along an axial direction to inject the molten 
resin metered in said heating cylinder forward, said 
injection device being provided with a back pres- 
sure detector (18) for detecting back pressure of the 
molten resin in said heating cylinder that is metered 40 
ahead of said screw to produce a pressure 
detected signal indicative of a back pressure 
detected value of the back pressure and with a 
screw retreat time instant generator (44, 45) for 
generating a time instant signal indicative of a 45 
retreat time instant of said screw, said back pres- 
sure control apparatus comprises: 

level selecting means (41) for selecting a back 
pressure control level and for outputting a level so 
signal indicative of the selected back pressure 
control level; 

sharpness selecting means (43) for selecting, 
as a selected sharpness, one of a plurality of 
sharpnesses in transition up to a maximum 55 
back pressure command value; 
determining means (42C), connected to said 
level selecting means and said sharpness 



selecting means, for determining, on the basis 
of the selected back pressure control level indi- 
cated by the level signal, a back pressure pat- 
tern having a variable back pressure command 
value which continuously changes with respect 
to time at least at a maximum back pressure 
command value, the back pressure pattern 
having a mountain-shaped portion defined by 
the selected sharpness, said determining 
means producing a pattern signal indicative of 
the back pressure pattern; and 
a controller (26A), connected to said determin- 
ing means, said back pressure detector, and 
said screw retreat time instant generator, and 
operatively coupled to said injection actuator, 
for controlling, in response to the pressure 
detected signal and the time instant signal, said 
back pressure in accordance with the back 
pressure pattern by means of said injection 
actuator. 

39. A back pressure control apparatus said injec- 
tion molding machine including a motor-driven 
injection molding machine having an injection 
motor (1 1) as said injection actuator, characterised 
in that said controller (26A) carries out control of 
said back pressure by controlling a current of said 
injection motor. 

40. A back pressure control apparatus said injec- 
tion molding machine including a motor-driven 
injection molding machine having an injection 
motor (11) as said injection actuator, characterised 
in that said controller (26A) carries out control of 
said back pressure by controlling an output torque 
of said injection motor 

41. A back pressure control apparatus said injec- 
tion molding machine including a hydraulic injection 
molding machine having a hydraulic actuator (1 1 A) 
as said injection actuator, characterised in that said 
controller (26A) carries out control of said back 
pressure by controlling hydraulic pressure of said 
hydraulic actuator. 

42. A back pressure control apparatus character- 
ised in that said back pressure pattern is defined by 
the retreat time instant of said screw in a screw 
movement time interval (T) between a start of rota- 
tion of said screw and a stop of rotation of said 
screw, said screw movement time interval being 
divided into a first divided time duration (T1 ), a lead- 
ing divided time duration (T2), an intermediate 
divided time duration (T3), a trailing divided time 
duration (T 4), and a final divided time duration (T5), 
said determining means (42C) determining the 
back pressure pattern having the variable back 
pressure command value which shifts from a zero 
back pressure command value to a start low back 
pressure command value at the first divided time 
duration, rises from the start low back pressure 
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command value to the maximum back pressure 
command value with the selected sharpness at the 
leading divided time duration, falls relatively gently 
from the maximum back pressure command value 
to a medium back pressure command value at the 5 
intermediate divided time duration, falls relatively 
abruptly Irom the medium back pressure command 
value to a final low back pressure command value 
at the trailing divided time duration, and shifts from 
the final low back pressure command value to the w 
zero back pressure command value at the final 
divided time duration. 

43. A back pressure pattern preparing unit for pre- 
paring a back pressure pattern for controlling back 
pressure in an injection molding machine including is 
an injection device having a heating cylinder (21) 

for heating resin powder therein to melt the resin 
powder into molten resin and a screw (20) disposed 
in said heating cylinder for feeding the molten resin 
in said heating cylinder forward to meter the molten 20 
resin, characterised in that said back pressure pat- 
tern preparing unit comprises: 

level selecting means (41) for selecting a back 
pressure control level and for outputting a level 25 
signal indicative of the selected back pressure 
control level: and 

determining means (42 B), connected to said 
level selecting means, for determining, on the 
basis of the selected back pressure control 30 
level indicated by the level signal, the back 
pressure pattern having a variable back pres- . 
sure command value which continuously 
changes with respect to time at least at a max- 
imum back pressure command value, said 35 
determining means producing a pattern signal 
indicative of the back pressure pattern. 

44. A back pressure pattern preparing unit charac- 
terised in that said back pressure pattern is defined 40 
by the retreat time instant of said screw in a screw 
movement time interval (T) between a start of rota- 
tion of said screw and a stop of rotation of said 
screw, said screw movement time interval being 
divided into a first divided time duration (T1), a lead- 45 
ing divided time duration (T2), an intermediate 
divided time duration (T3), a trailing divided time 
duration (T4), and a final divided time duration (T5), 
said determining means (42 B) determining the 
back pressure pattern having the variable back so 
pressure command value which shifts from a zero 
back pressure command value to a start low back 
pressure command value at the first divided time 
duration, rises from the start low back pressure 
command value to a maximum back pressure com- 55 
mand value with a predetermined sharpness at the 
leading divided time duration, falls relatively gently 
from the maximum back pressur command value 



to a medium back pressure command value at the 
intermediate divided time duration, falls relatively 
abruptly from the medium back pressure command 
value to a final low back pressure command value 
at the trailing divided time duration, and shifts from 
the final low back pressure command value to the 
zero back pressure command value at the final 
divided time duration. 

45. A back pressure pattern preparing unit for pre- 
paring a back pressure pattern for controlling back 
pressure in an injection molding machine including 
an injection device having a heating cylinder (21) 
for heating resin powder therein to melt the resin 
powder into molten resin and a screw (20) disposed 
in said heating cylinder for feeding the molten resin 
in said heating cylinder forward to meter the molten 
resin, characterised in that said backpressure pat- 
tern preparing unit comprises: 

level selecting means (41) for selecting a back 
pressure control level and for outputting a lev I 
signal indicative of the selected back pressure 
control level; 

sharpness selecting means (43) for selecting, 
as a selected sharpness, one of a plurality of 
sharpnesses in transition up to a maximum 
back pressure command value; and 
determining means (42C), connected to said 
level selecting means and said sharpness 
selecting means, for determining, on the basis 
of the selected back pressure control level indi- 
cated by the level signal, the back pressure 
pattern having a variable back pressure com- 
mand value which continuously changes with 
respect to time at least at a maximum back 
pressure command value, the back pressure 
pattern having a mountain-shaped portion 
defined by the selected sharpness, said deter- 
mining means producing a pattern signal indic- 
ative of the back pressure pattern. 

46. A back pressure pattern preparing unit charac- 
terised in that said back pressure pattern is defined 
by the retreat time instant of said screw in a screw 
movement time interval (T) between a start of rota- 
tion of said screw and a stop of rotation of said 
screw, said screw movement time interval being 
divided into a first divided time duration (T1), a lead- 
ing divided time duration (T2), an intermediate 
divided time duration (T3), a trailing divided time 
duration (T4), and a final divided time duration (T5), 
said determining means (42C) determining the 
back pressure pattern having the variable back 
pressure command value which shifts from a zero 
back pressure command value to a start low back 
pressure command value at the first divided time 
duration, rises from the start low back pressure 
command value to the maximum back pressure 
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command value with the selected sharpness at the 
leading divided time duration, falls relatively gently 
from the maximum back pressure command value 
to a medium back pressure command value at the 
intermediate divided time duration, falls relatively 
abruptly from the medium back pressure command 
value to a final low back pressure command value 
at the trailing divided time duration, and shifts from 
the final low back pressure command value to the 
zero back pressure command value at the final 
divided time duration. 

Claims 

1. A method of controlling back pressure in an injec- 
tion molding machine including an injection device 
having a heating cylinder (21 ) for heating resin pow- 
der therein to melt the resin powder into molten 
resin, a screw (20) disposed in said heating cylinder 
for feeding the molten resin in said heating cylinder 
forward to meter the molten resin, and an injection 
actuator (11, 11 A) operatively coupled to said 
screw for driving said screw along an axial direction 
to inject the molten resin metered in said heating 
cylinder forward, characterised in that said method 
comprises the steps of : 

selecting (41) a back pressure control level; 
determining (42, 42A), on the basis of the back 
pressure control level, a back pressure pattern 
having a variable back pressure command 
value which continuously changes with respect 
to a retreat position of said screw at least at a 
maximum back pressure command value; and 
controlling (26) said back pressure in accord- 
ance with the back pressure pattern. 

2. A method as claimed in any of the preceding claims 
wherein said injection molding machine comprises 
a motor-driven injection molding machine including 
an injection motor (11) as said injection actuator, 
the controlling of said back pressure being carried 
out by controlling a current of said injection motor, 

and/or wherein preferably said injection 
molding machine comprises a motor-driven injec- 
tion molding machine including an injection motor 
(11) as said injection actuator, the controlling of 
said back pressure being carried out by controlling 
an output torque of said injection motor, 

and/or wherein preferably said injection 
molding machine comprises a hydraulic injection 
molding machine including a hydraulic actuator 
(11 A) as said injection actuator, the controlling of 
said back pressure being carried out by controlling 
hydraulic pressure of said hydraulic actuator, 

and/or wherein preferably said back pres- 
sure pattern is defined by the retreat position of said 
screw in a screw movement stroke (L) between a 



start of rotation of said screw and a stop of rotation 
of said screw, said screw movement stroke being 
divided into a first divided stroke region (L1), a lead- 
ing divided stroke region (L2), an intermediate 

s divided stroke region (L3). a trailing divided stroke 
region (L4), and a final divided stroke region (L5), 
said back pressure pattern having the variable back 
pressure command value which shifts from a zero 
back pressure command value to a start low back 

w pressure command value at the first divided stroke 
region, rises from the start low back pressure com- 
mand value to a maximum back pressure command 
value with a predetermined sharpness at the lead- 
ing divided stroke region, falls relatively gently from 

is the maximum back pressure command value to a 
medium back pressure command value at the inter- 
mediate divided stroke region, falls relatively 
abruptly from the medium back pressure command 
value to a final low back pressure command value 

20 at the trailing divided stroke region, and shifts from 
the final low back pressure command value to the 
zero back pressure command value at the final 
divided stroke region, 

and/or wherein preferably the predetermined 

25 sharpness is one selected (43) from a plurality of 
sharpnesses. 

3. A method of preparing a back pressure pattern for 
controlling back pressure in an injection molding 

30 machine including an injection device having a 
heating cylinder (21) for heating resin powder 
therein to melt the resin powder into molten resin 
and a screw (20) disposed in said heating cylinder 
for feeding the molten resin in said heating cylinder 

35 forward to meter the molten resin, characterised in 
that method comprising the steps of: 

selecting (41) a back pressure control level; 
and 

40 determining (42, 42A), on the basis of the back 

pressure control level, the back pressure pat- 
tern having a variable back pressure command 
value which continuously changes with respect 
to a retreat position of said screw at least at a 

45 maximum back pressure command value to 

prepare the back pressure pattern. 

4. A method as claimed in any of the preceding claims 
wherein said back pressure pattern is defined by 

so the retreat position of said screw in a screw move- 
ment stroke (L) between a start of rotation of said 
screw and a stop of rotation of said screw, said 
screw movement stroke being divided into a first 
divided stroke region (L1), a leading divided stroke 

55 region (12), an intermediate divided stroke region 
(L3), a trailing divided stroke region (L4), and a final 
divided stroke region (L5). said back pressure pat- 
tern having the variable back pressure command 



51 



EP 0 968 808 A2 



52 



value which shifts from a zero back pressure com- 
mand value to a start low back pressure command 
value at the first divided stroke region, rises from 
the start low back pressure command value to a 
maximum back pressure command value with a 5 
predetermined sharpness at the leading divided 
stroke region, falls relatively gently from the maxi- 
mum back pressure command value to a medium 
back pressure command value at the intermediate 
divided stroke region, falls relatively abruptly Irom w 
the medium back pressure command value to a 
final low back pressure command value at the trail- 
ing divided stroke region, and shifts from the final 
low back pressure command value to the zero back 
pressure command value at the final divided stroke 15 
region, 

and/or wherein preferably the predetermined 
sharpness is one selected (43) from a plurality of 
sharpnesses. 

20 

5. A method of controlling back pressure in an injec- 
tion molding machine including an injection device 
having a heating cylinder (21) for heating resin pow- 
der therein to melt the resin powder into molten 
resin, a screw (20) disposed in said heating cylinder 25 
for feeding the molten resin in said heating cyiinder 
forward to meter the molten resin, and an injection 
actuator (11, 11 A) operatively coupled to said 
screw for driving said screw along an axial direction 
to inject the molten resin metered in said heating 30 
cylinder forward, characterised in that said method 
comprises the steps of: 

selecting (41) a backpressure control level; 
determining (42B, 42C), on the basis of the 35 
back pressure control level, a back pressure 
pattern having a variable back pressure com- 
mand value which continuously changes with 
respect to time at least at a maximum back 
pressure command value; and <o 
controlling (26A) said back pressure in accord- 
ance with the back pressure pattern. 



(11 A) as said injection actuator, the controlling of 
said back pressure being carried out by controlling 
hydraulic pressure of said hydraulic actuator, 

and/or wherein preferably said back pres- 
sure pattern is defined by the retreat time instant of 
said screw in a screw movement time interval (T) 
between a start of rotation of said screw and a stop 
of rotation of said screw, said screw movement time 
interval being divided into a first divided time dura- 
tion (T1), a leading divided time duration (T2); an 
intermediate divided time duration (T3), a trailing 
divided time duration (T4), and a final divided time 
duration (T5), said back pressure pattern having 
the variable back pressure command value which 
shifts from a zero back pressure command value to 
a start low back pressure command value at the 
first divided time duration, rises from the start low 
back pressure command value to a maximum back 
pressure command value with a predetermined 
sharpness at the leading divided time duration, falls 
relatively gently from the maximum back pressure 
command value to a medium back pressure com- 
mand value at the intermediate divided time dura- 
tion, falls relatively abruptly from the medium back 
pressure command value to a final low back pres- 
sure command value at the trailing divided time 
duration, and shifts from the final low back pressure 
command value to the zero back pressure com- 
mand value at the final divided time duration, 

and/or wherein preferably the predetermined 
sharpness is one selected (43) from a plurality of 
sharpnesses. 

7. A method of preparing a back pressure pattern for 
controlling back pressure in an injection molding 
machine including an injection device having a 
heating cylinder (21) for heating resin powder 
therein to melt the resin powder into molten resin 
and a screw (20) disposed in said heating cylinder 
for feeding the molten resin in said heating cylinder 
forward to meter the molten resin, characterised in 
that said method comprises the steps of: 



6. A method as claimed in any of the preceding claims 
wherein said injection molding machine comprises 45 
a motor-driven injection molding machine including 
an injection motor (11) as said injection actuator, 
the controlling of said back pressure being carried 
out by controlling a current of said injection motor, 

and/or wherein preferably said injection so 
molding machine comprises a motor-driven injec- 
tion molding machine including an injection motor 
(11) as said injection actuator, the controlling of 
said back pressure being carried out by controlling 
an output torque of said injection motor, 55 

and/or wherein preferably said injection 
molding machine comprises a hydraulic injection 
molding machine including a hydraulic actuator 



selecting (41) a back pressure control level; 
and 

determining (42 B, 42C). on the basis of the 
back pressure control level, the back pressure 
pattern having a variable back pressure com- 
mand value which continuously changes with 
respect to time at least at a maximum back 
pressure command value to prepare the back 
pressure pattern. 

8. A method as claimed in any of the preceding claims 
wherein said back pressure pattern is defined by 
the retreat time instant of said screw in a screw 
movement time interval (T) between a start of rota- 
tion of said screw and a stop of rotation of said 
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screw, said screw movement time interval being 
divided into a first divided time duration (T1 ), a lead- 
ing divided time duration (T2), an intermediate 
divided time duration (T3), a trailing divided time 
duration (T4), and a final divided time duration (T5), 5 
said back pressure pattern having the variable back 
pressure command value which shifts from a zero 
back pressure command value to a start low back 
pressure command value at the first divided time 
duration, rises from the start low back pressure 10 
command value to a maximum back pressure com- 
mand value with a predetermined sharpness at the . 
leading divided time duration, falls relatively gently 
from the maximum back pressure command value 
to a medium back pressure command value at the 15 
intermediate divided time duration, falls relatively 
abruptly from the medium back pressure command 
value to a final low back pressure command value 
at the trailing divided time duration, and shifts from 
the final low back pressure command value to the 20 
zero back pressure command value at the final 
divided time duration, 

and/or wherein preferably the predetermined 
sharpness is one selected (43) from a plurality of 
sharpnesses. 2S 

A back pressure control apparatus for controlling 
back pressure in an injection molding machine 
including an injection device having a heating cylin- 
der (2 1 ) for heating resin powder therein to melt the 30 
resin powder into molten resin, a screw (20) dis- 
posed in said heating cylinder for feeding the mol- 
ten resin in said heating cylinder forward to meter 
the molten resin, and an injection actuator (1 1 , 1 1 A) 
operatively coupled to said screw for driving said 35 
screw along an axial direction to inject the molten 
. resin metered in said heating cylinder forward, said 
injection device being provided with a back pres- 
sure detector (18) for detecting back pressure of the 
molten resin in said heating cylinder that is metered 40 
ahead of said screw to produce a pressure 
detected signal indicative of a back pressure 
detected value of the back pressure and with a 
screw position detector (27) for detecting a retreat 
position of said screw to produce a screw position 45 
detected signal indicative of the retreat position of 
said screw, characterised in that said back pressure 
control apparatus comprises: 

level selecting means (41) for selecting a back so 
pressure control level and for outputting a level 
signal indicative of the selected back pressure 
control level; 

determining means (42), connected to said 
level selecting means, for determining, on the 55 
basis of the selected back pressure control 
level indicated by the level signal, a back pres- 
sure pattern having a variable back pressure 



command value which continuously changes 
with respect to a retreat position of said screw 
at least at a maximum back pressure command 
value, said determining means producing a 
pattern signal indicative of the back pressure 
pattern; and 

a controller (26), connected to said determining 
means, said back pressure detector, and said 
screw position detector, and operatively cou- 
pled to said injection actuator, for controlling, in 
response to the pressure detected signal and 
the screw position detected signal, said back 
pressure in accordance with the back pressure 
pattern by means of said injection actuator. 

10. A back pressure control apparatus as claimed in 
claim 9, said injection molding machine including a 
motor-driven injection molding machine having an 
injection motor (11) as said injection actuator, char- 
acterised in that said controller (26) carries out con- 
trol of said back pressure by controlling a current of 
said injection motor, . 

and/or wherein preferably said injection 
molding machine including a motor-driven injection 
molding machine having an injection motor (1 1) as. 
said injection actuator, characterised in that said 
controller (26) carries out control of said back pres- 
sure by controlling an output torque of said injection 
motor, 

and/or wherein preferably said injection 
molding machine including a hydraulic injection 
molding machine having a hydraulic actuator (11A) 
as said injection actuator, characterised in that said 
controller (26) carries out control of said back pres- 
sure by controlling hydraulic pressure of said 
hydraulic actuator, 

and/or wherein preferably said back pres- 
sure pattern is defined by the retreat position of said 
screw in a screw movement stroke (L) between a 
start of rotation of said screw and a stop of rotation 
of said screw, said screw movement stroke being 
divided into a first divided stroke region (L1 ), a lead- 
ing divided stroke region (L2), an intermediate 
divided stroke region (L3), a trailing divided stroke 
region (L4), and a final divided stroke region (L5), 
said determining means (42) determining the back . 
pressure pattern having the variable back pressure 
command value which shifts from a zero back pres- 
sure command value to a start low back pressure 
command value at the first divided stroke region, 
rises from the start low back pressure command 
value to a maximum back pressure command value 
with a predetermined sharpness at the leading 
divided stroke region, falls relatively gently from the 
maximum back pressure command value to a 
medium back pressure command value at the inter- 
mediate divided stroke region, falls relatively 
abruptly from the medium back pressure command 
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value to a final low back pressure command value 
at the trailing divided stroke region, and shifts from 
the final low back pressure command value to the 
zero back pressure command value at the final 
divided stroke region. 5 

11. A back pressure control apparatus for controlling 
back pressure in an injection molding machine 
including an injection device having a heating cylin- 
der (21) for heating resin powder therein to melt the w 
resin powder into molten resin, a screw (20) dis- 
posed in said heating cylinder for feeding the mol- 
ten resin in said heating cylinder forward to meter 
the molten resin, and an injection actuator (1 1 , 1 1 A) 
operatively coupled to said screw for driving said 15 
screw along an axial direction to inject the molten 
resin metered in said heating cylinder forward, said 
injection device being provided with a back pres- 
sure detector (18) for detecting back pressure of the 
molten resin in said heating cylinder that is metered 20 
ahead of said screw to produce a pressure 
detected signal indicative of a back pressure 
detected value of the back pressure and with a 
screw position detector (27) for detecting a retreat 
position of said screw to produce a screw position 25 
detected signal indicative of the retreat position of 
said screw, characterised in that said back pressure 
control apparatus comprises: 

level selecting means (41) for selecting a back 30 
pressure control level and for outputting a level 
signal indicative of the selected back pressure 
control level; 

sharpness selecting means (43) for selecting, 
as a selected sharpness, one of a plurality of 35 
sharpnesses in transition up to a maximum 
back pressure command value; 
determining means (42 A), connected to said 
level selecting means and said sharpness 
selecting means, for determining, on the basis 40 
of the selected back pressure control level indi- 
cated by the level signal, a back pressure pat- 
tern having a variable backpressure command 
value which continuously changes with respect 
to a retreat position of sard screw at least at a 45 
maximum back pressure command value, the 
back pressure pattern having a mountain- 
shaped portion defined by the selected sharp- 
ness, said determining means producing a pat- 
tern signal indicative of the back pressure so 
pattern; and 

a controller (26), connected to said determining 
means, said back pressure detector, and said 
screw position detector, and operatively cou- 
pled to said injection actuator, for controlling, in 55 
response to the pressure detected signal and 
the screw position detected signal, said back 
pressure in accordance with the back pressure 



pattern by means of said injection actuator. 

12. A back pressure control apparatus as claimed in 
claim 1 1 , said injection molding machine including 
a motor-driven injection molding machine having an 
injection motor (1 1) as said injection actuator, char- 
acterised in that said controller (26) carries out con- 
trol of said back pressure by controlling a current of 
said injection motor, 

and/or wherein preferably said injection 
molding machine including a motor-driven injection 
molding machine having an injection motor (1 1) as 
said injection actuator, characterised in that said 
controller (26) carries out control of said back pres- 
sure by controlling an output torque of said injection 
motor, 

and/or wherein preferably said injection 
molding machine including a hydraulic injection 
molding machine having a hydraulic actuator (1 1 A) 
as said injection actuator, characterised in that said 
controller (26) carries out control of said back pres- 
sure by controlling hydraulic pressure of said 
hydraulic actuator, 

and/or wherein preferably said back pres- 
sure pattern is defined by the retreat position of said 
screw in a screw movement stroke (L) between a 
start of rotation of said screw and a stop of rotation 
of said screw, said screw movement stroke being 
divided into a first divided stroke region (L1 ), a lead- 
ing divided stroke region (L2), an intermediate 
divided stroke region (L3), a trailing divided stroke 
region (L4), and a final divided stroke region (15), 
said determining means (42A) determining the 
back pressure pattern having the variable back 
pressure command value which shifts from a zero 
back pressure command value to a start low back 
pressure command value at the first divided stroke 
region, rises from the start low back pressure com- 
mand value to the maximum back pressure com- 
mand value with the selected sharpness at the 
leading divided stroke region, falls relatively gently 
from the maximum back pressure command value 
to a medium back pressure command value at the 
intermediate divided stroke region, falls relatively 
abruptly from the medium back pressure command 
value to a final low back pressure command value 
at the trailing divided stroke region, and shifts from 
the final low back pressure command value to the 
zero back pressure command value at the final 
divided stroke region. 

13. A back pressure pattern preparing unit for prepar- 
ing a back pressure pattern for controlling back 
pressure in an injection molding machine including 
an injection device having a heating cylinder (21) 
for heating resin powder therein to melt the resin 
powder into molten resin and a screw (20) disposed 
in said heating cylinder for feeding the molten resin 
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in said heating cylinder forward to meter the molten 
resin, characterised in that back pressure pattern 
preparing unit comprising: 

level selecting means (41) for selecting a back 
pressure control level and for outputting a level 
signal indicative of the selected back pressure 
control level; and 

determining means (42), connected to said 
level selecting means, for determining, on the 
basis of the selected back pressure control 
level indicated by the level signal, the back 
pressure pattern having a variable back pres- 
sure command value which continuously 
changes with respect to a retreat position of 
said screw at least at a maximum back pres- 
sure command value, said determining means 
producing a pattern signal indicative of the 
back pressure pattern. 

14. A back pressure pattern preparing unit as claimed 
in any of the preceding claims wherein said back 
pressure pattern is def ined by the retreat position of 
said screw in a screw movement stroke (L) between 
a start of rotation of said screw and a stop of rota- 
tion of said screw, said screw movement stroke 
being divided into a first divided stroke region (L1), 
a leading divided stroke region (L2), an intermedi- 
ate divided stroke region (L3), a trailing divided 
stroke region (L4), and a final divided stroke region 
(L5), said determining means determining the back 
pressure pattern having the variable back pressure 
command value which shifts from a zero back pres- 
sure command value to a start low back pressure 
command value at the first divided stroke region, 
rises from the start low back pressure command 
value to a maximum back pressure command value 
with a predetermined sharpness at the leading 
divided stroke region, falls relatively gently from the 
maximum back pressure command value to a 
medium back pressure command value at the inter- 
mediate divided stroke region, falls relatively 
abruptly from the medium back pressure command 
value to a final low back pressure command value 
at the trailing divided stroke region, and shifts from 
the final low back pressure command value to the 
zero back pressure command value at the final 
divided stroke region. 

1 5. A back pressure pattern preparing unit for prepar- 
ing a back pressure pattern for controlling back 
pressure in an injection molding machine including 
an injection device having a heating cylinder (21) 
for heating resin powder therein to melt the resin 
powder into molten resin and a screw (20) disposed 
in said heating cylinder for feeding the molten resin 
in said heating cylinder forward to meter the molten 
resin, said back pressure pattern preparing unit 



comprising: 

level selecting means (41) for selecting a back 
pressure control level and for outputting a level 
5 signal indicative of the selected back pressure 

control level; 

sharpness selecting means (43) for selecting, 
as a selected sharpness, one of a plurality of 
sharpnesses in transition up to a maximum 
io back pressure command value; and 

determining means (42A), connected to said 
level selecting means and said sharpness 
selecting means, for determining, on the basis 
of the selected back pressure control level indi- 
15 cated by the level signal, the back pressure 

pattern having a variable back pressure com- 
mand value which continuously changes with 
respect to a retreat position of said screw at 
least at a maximum back pressure command 
20 value, the back pressure pattern having a 

mountain-shaped portion defined by the 
selected sharpness, said determining means 
producing a pattern signal indicative of the 
back pressure pattern. 

25 

16. A back pressure pattern preparing unit as claimed 
in claim 15, characterised in that said back pres- 
sure pattern is defined by the retreat position of said 
screw in a screw movement stroke (L) between a 
30 start of rotation of said screw and a stop of rotation 
of said screw, said screw movement stroke being 
divided into a first divided stroke region (L1 ), a lead- 
ing divided stroke region (L2), an intermediate 
divided stroke region (L3), a trailing divided stroke 
35 region. (L4), and a final divided stroke region (L5), 
said determining means (42 A) determining the 
back pressure pattern having the variable back 
pressure command value which shifts from a zero 
back pressure command value to a start low back 
40 pressure command value at the first divided stroke 
region, rises from the start low back pressure com- 
mand value to the maximum back pressure com- 
mand value with the selected sharpness at the 
leading divided stroke region, falls relatively gently 
45 from the maximum back pressure command value 
to a medium back pressure command value at the 
intermediate divided stroke region, falls relatively 
abruptly from the medium back pressure command 
value to a final low back pressure command value 
so at the trailing divided stroke region, and shifts from 
the final low back pressure command value to the 
zero back pressure command value at the final 
divided stroke region. 

55 17. A back pressure control apparatus for controlling 
back pressure in an injection molding machine 
including an injection device having a heating cylin- 
der (21) for heating resin powder therein to melt the 
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resin powder into molten resin, a screw (20) dis- 
posed in said heating cylinder for feeding the mol- 
ten resin in said heating cylinder forward to meter 
the molten resin, and an injection actuator (11, 11 A) 
operatively coupled to said screw for driving said 5 
screw along an axial direction to inject the molten 
resin metered in said heating cylinder forward, said 
injection device being provided with a back pres : 
sure detector ( 1 8) for detecting back pressure of the 
molten resin in said heating cylinder that is metered 10 
ahead of said screw to produce a pressure 
detected signal indicative of a back pressure 
detected value of the back pressure and with a 
screw retreat time instant generator (44, 45) for 
generating a time instant signal indicative of a 75 
retreat time instant of said screw, characterised in 
that said back pressure control apparatus com- 
prises: 

level selecting means (41) for selecting a back 20 
pressure control level and for outputting a level 
signal indicative of the selected back pressure 
control level; 

determining means (42 B), connected to said 
level selecting means, for determining, on the 25 
basis of the selected back pressure control 
level indicated by the level signal, a back pres- 
sure pattern having a variable back pressure 
command value which continuously changes 
with time at least at a maximum back pressure 30 
command value, and for producing a pattern 
signal indicative of the back pressure pattern; 
and 

a controller (26A), connected to said determin- 
ing means, said back pressure detector, and 35 
said screw retreat time instant generator, and 
operatively coupled to said injection actuator, 
for controlling, in response to the pressure 
detected signal and the time instant signal, said 
back pressure in accordance with the back 40 
pressure pattern by means of said injection 
actuator. 

18. A back pressure control apparatus as claimed in 
any of the preceding claims wherein said injection 45 
molding machine including a motor-driven injection 
molding machine having an injection motor (11) as 
said injection actuator, characterised in that said 
controller (26A) carries out control of said back 
pressure by controlling a current of said injection so 
motor, 

and/or wherein preferably said injection 
molding machine including a motor-driven injection 
molding machine having an injection motor (11) as 
said injection actuator, characterised in that said 55 
controller (26A) carries out control of said back 
pressure by controlling an output torque of said 
injection motor, 



and/or wherein preferably said injection 
molding machine including a hydraulic injection 
molding machine having a hydraulic actuator (1 1 A) 
as said injection actuator, wherein said controller 
(26A) carries out control of said back pressure by 
controlling hydraulic pressure of said hydraulic 
actuator, 

and/or wherein preferably said back pres- 
sure pattern is defined by the retreat time instant of 
said screw in a screw movement time interval (T) 
between a start of rotation of said screw and a stop 
of rotation of said screw, said screw movement time 
interval being divided into a first divided time dura- 
tion (T1), a leading divided time duration (T2), an 
intermediate divided time duration (T3), a trailing 
divided time duration (T4), and a final divided time 
duration (T5), said determining means (42B) deter- 
mining the back pressure pattern having the varia- 
ble back pressure command value which shifts from 
a zero back pressure command value to a start low 
back pressure command value at the first divided 
time duration, rises from the start low back pressure 
command value to the maximum back pressure 
command value with a predetermined sharpness at 
the leading divided time duration, fails relatively 
gently from the maximum back pressure command 
value to a medium back pressure command value 
at the intermediate divided time duration, falls rela- 
tively abruptly from the medium back pressure 
command value to a final low back pressure com- 
mand value at the trailing divided time duration, and 
shifts from the final low back pressure command 
value to the zero back pressure command value at 
the final divided time duration. 

19. A back pressure control apparatus for controlling 
back pressure in an injection molding machine 
including an injection device having a heating cylin- 
der (21) for heating resin powder therein to melt the 
resin powder into molten resin, a screw (20) dis- 
posed in said heating cylinder for feeding the mol- 
ten resin in said heating cylinder forward to meter 
the molten resin, and an injection actuator (1 1 , 1 1 A) 
operatively coupled to said screw for driving said 
screw along an axial direction to inject the molten 
resin metered in said heating cylinder forward, said 
injection device being provided with a back pres- 
sure detector (1 8) for detecting back pressure of the 
molten resin in said heating cylinder that is metered 
ahead of said screw to produce a pressure 
detected signal indicative ol a back pressure 
detected value of the back pressure and with a 
screw retreat time instant generator (44, 45) for 
generating a time instant signal indicative of a 
retreat time instant of said screw, said back pres- 
sure control apparatus comprises: 

level selecting means (41) for selecting a back 
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pressure control level and for outputting a level 
signal indicative of the selected back pressure 
control level; ■ 

sharpness selecting means (.43) for selecting, 
as a selected sharpness, one of a plurality of 5 
sharpnesses in transition up to a maximum 
back pressure command value; 
determining means (42C), connected to said 
level selecting means and said sharpness 
selecting means, for determining, on the basis w 
of the selected back pressure control level indi- 
cated by the level signal, a back pressure pat- 
tern having a variable back pressure command 
value which continuously changes with respect 
to time at least at a maximum back pressure is 
command value, the back pressure pattern 
having a mountain -shaped portion defined by 
the selected sharpness, said determining 
means producing a pattern signal indicative of 
the back pressure pattern; and 20 
a controller (26A), connected to said determin- 
ing means, said back pressure detector, and 
said screw retreat time instant generator, and 
operatively coupled to said injection actuator, 
for controlling, in response to the pressure 25 
detected signal and the time instant signal, said 
back pressure in accordance with the back 
pressure pattern by means of said injection 
actuator. 

30 

20. A back pressure control apparatus as claimed in 
any of the preceding claims wherein said injection 
molding machine including a motor-driven injection 
molding machine having an injection motor (11). as 
said injection actuator, characterised in that said 35 
controller (26A) carries out control of said back 
pressure by controlling a current of said injection 
motor, 

and/or wherein preferably said injection 
molding machine including a motor-driven injection 40 
molding machine having an injection motor (11) as 
said injection actuator, characterised in that said 
controller (26A) carries out control of said back 
pressure by controlling an output torque of said 
injection motor, 45 

and/or wherein preferably said injection 
molding machine including a hydraulic injection 
molding machine having a hydraulic actuator (11 A) 
as said injection actuator, characterised in that said 
controller (26A) carries out control of said back so 
pressure by controlling hydraulic pressure of said 
hydraulic actuator. 

and/or wherein preferably said back pres- 
sure pattern is defined by the retreat time instant of 
said screw in a screw movement time interval (T) 55 
between a start of rotation of said screw and a stop 
of rotation of said screw, said screw movement time 
interval being divided into a first divided time dura- 



tion (Tl), a leading divided time duration (T2), an 
intermediate divided time duration (T3), a trailing 
divided time duration (T4), and a final divided time 
duration (T5), said determining means (42C) deter- 
mining the back pressure pattern having the varia- 
ble back pressure command value which shifts from 
a zero back pressure command value to a start low 
back pressure command value at the first divided 
time duration, rises from the start low backpressure 
command value to the maximum back pressure 
command value with the selected sharpness at the 
leading divided time duration, falls relatively gently 
• from the maximum back pressure command value 
to a medium back pressure command value at the 
intermediate divided time duration, falls relatively 
abruptly from the medium back pressure command 
value to a final low back pressure command value 
at the trailing divided time duration, and shifts from 
the final low back pressure command value to the 
zero back pressure command value at the final 
divided time duration. 

21. A back pressure pattern preparing unit for prepar- 
ing a back pressure pattern for controlling back 
pressure in an injection molding machine including 
an injection device having a heating cylinder (21) 
for heating resin powder therein to melt the resin 
powder into molten resin and a screw (20) disposed 
in said heating cylinder for feeding the molten resin 
in said heating cylinder forward to meter the molten 
resin, characterised in that said back pressure pat- 
tern preparing unit comprises: 

level selecting means (41) for selecting a back 
pressure control level and for outputting a level 
signal indicative of the selected back pressure 
control level; and 

determining means (42B), connected to said 
level selecting means, for determining, on the 
basis of the selected back pressure control 
level indicated by the level signal, the back 
pressure pattern having a variable back pres- 
sure command value which continuously 
changes with respect to time at least at a max- 
imum back pressure command value, said 
determining means producing a pattern signal 
indicative of the back pressure pattern. 

22. A back pressure preparing unit as claimed in any of 
the preceding claims wherein said back pressure 
pattern is defined by the retreat time instant of said 
screw in a screw movement time interval (T) 
between a start of rotation of said screw and a stop 
of rotation of said screw, said screw movement time 
interval being divided into a first divided time dura- 
tion (T1), a leading divided time duration (T2), an 
intermediate divided time duration (T3), a trailing 
divided time duration (T4), and a final divided time 
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duration (T5), said determining means (42B) deter* 
mining the back pressure pattern having the varia- 
ble back pressure command value which shifts from 
a zero back pressure command value to a start low 
back pressure command value at the first divided 5 
time duration, rises from the start low back pressure 
command value to a maximum back pressure com- 
mand value with a predetermined sharpness at the 
leading divided time duration, tails relatively gently 
from the maximum back pressure command value w 
to a medium back pressure command value at the 
intermediate divided time duration, falls relatively 
abruptly from the medium back pressure command 
value to a final low back pressure command value 
at the trailing divided time duration, and shifts from 75 
the final low back pressure command value to the 
zero back pressure command value at the final 
divided time duration. 

23. A back pressure pattern preparing unit for prepar- 20 
ing a back pressure pattern for controlling back 
pressure in an injection molding machine including 

an injection device having a heating cylinder (21) 
for heating resin powder therein to melt the resin 
powder into molten resin and a screw (20) disposed 25 
in said heating cylinder for feeding the molten resin 
in said heating cylinder forward to meter the molten 
resin, characterised in that said back pressure pat- 
tern preparing unit comprises: 

30 

level selecting means (41) for selecting a back 
pressure control level and for outputting a level 
signal indicative of the selected back pressure 
control level; 

sharpness selecting means (43) for selecting, 35 
as a selected sharpness, one of a plurality of 
sharpnesses in transition up to a maximum 
back pressure command value; and 
determining means (42C). connected to said 
level selecting means and said sharpness 40 
selecting means, for determining, on the basis 
of the selected back pressure control level indi- 
cated by the level signal, the back pressure 
pattern having a variable back pressure com- 
mand value which continuously changes with 45 
respect to time at least at a maximum back 
pressure command value, the back pressure 
pattern having a mountain-shaped portion 
defined by the selected sharpness, said deter- 
mining means producing a pattern signal indie- so 
ative of the back pressure pattern. 

24. A back pressure preparing unit as claimed in any of 
the preceding claims wherein said back pressure 
pattern is defined by the retreat time instant of said 55 
screw in a screw movement time interval (T) 
between a start of rotation of said screw and a stop 

of rotation of said screw, said screw movement time 



interval being divided into a first divided time dura- 
tion (T1), a leading divided time duration (T2), an 
intermediate divided time duration (T3), a trailing 
divided time duration (T4), and a final divided time 
duration (T5), said determining means (42C) deter- 
mining the back pressure pattern having the varia- 
ble back pressure command value which shifts from 
a zero back pressure command value to a start low 
back pressure command value at the first divided 
time duration, rises from the start low back pressure 
command value to the maximum back pressure 
command value with the selected sharpness at the 
leading divided time duration, falls relatively gently 
from the maximum back pressure command value 
to a medium back pressure command value at the 
intermediate divided time duration, falls relatively 
abruptly from the medium back pressure command 
value to a final low back pressure command value 
at the trailing divided time duration, and shifts from 
the final low back pressure command value to the 
zero back pressure command value at the final 
divided time duration. 

25. A method of controlling back pressure in an injec- 
tion molding machine including an injection device 
having a heating cylinder (21 ) for heating resin pow- 
der therein to melt the resin powder into molten 
resin, a screw (20) disposed in said heating cylinder 
for feeding the molten resin in said heating cylinder 
forward to meter the molten resin, and an injection 
actuator (11, 11 A) operatively coupled to said 
screw for driving said screw along an axial direction 
to inject the molten resin metered in said heating 
cylinder forward, characterised in that said method 
comprises the steps of: 

selecting (41) a back pressure control level; 
determining (42, 42A), on the basis of the back 
pressure control level, a back pressure pattern 
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